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PREFATOllY  NOTE 


Ix  the  present  volume  the  writers  have  tried  to  give  a  lucid 
elementary  account,  in  limited  space,  of  the  processes  of  evo- 
lution as  they  are  so  far  understood.  We  have  turned  to  ani- 
mals for  illustrative  purposes,  nearly  to  the  exclusion  of  refer- 
ences to  plants,  simply  because  both  authors  are  zoologists 
and  have  made  use  of  the  facts  most  familiar  to  them. 

The  book  is  composed  primarily. of  the  substance  of  a  univer- 
sity course  of  elementary  lectures  delivered  jointly  by  the 
authors  each  year  to  students  representing  all  lines  of  college 
work.  This  fact,  and  the  desirable  limiting  of  the  book  to  a 
convenient  size  for  the  general  reader  and  student,  accoimt  for 
the  extremely  laconic  treatment  of  various  important  moot 
points  concerning  the  evolution  mechanism,  and  for  the  omission 
of  certain  discussions  which  otherwise  might  well  have  been 
included.  But  on  the  whole  the  authors  feel  that  the  interested 
general  reader  will  find  this  small  volume  a  fairly  comprehensive 
introduction  to  our  present-day  knowledge  of  the  factors  and 
phenomena  of  organic  evolution. 

To  the  general  reader  we  may  perhaps  with  propriety  ad- 
dress the  following  words,  used  to  the  students  in  the  opening 
lect  ure  of  the  course : 

We  cannot  talk  long  without  saying  something  others  do 

not  believe.     Others  cannot  talk  long  without  saying  something 

we  do  not  believe.     We  wish  you  to  accept  no  view  of  ours 

unless  you  reach  it  through  your  own  investigation.     What  we 

hope  for  is  to  have  you  think  of  these  things  and  find  out  for 

vourselves. 

D.  S.  J. 
V.  L.  K. 

Lkland  Stanford  Junior  University, 
Marxh  30y  1907. 
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CHAPTER  I 
EVOLUTION   DEFINED 

Grau,  theurer  Freund,  ist  alle  Theorie, 
Und  griin  des  Lebens  gold'ner  Baum. 

— Goethe. 

Men  of  science  repudiate  the  opinion  that  natural  laws  are  rulers 
and  governors  of  nature,  looking  with  suspicion  on  all  '*  necessary  "  and 
universal  laws. — Brooks. 

This  volume  treats  of  the  elements  of  the  science  of  Organic 
Evolution.  To  this  science  belongs  the  consideration  of  the 
forces  which  govern  the  changes  in  organisms.  It  includes  the 
influences  which  control  development  in  the  individual  and  in 
the  species  which  is  the  succession  of  individuals,  together  with 
the  laws  or  observed  sequences  of  events  which  development 
exhibits.  From  another  point  of  view,  this  is  the  science  of 
life — adaptation.  The  term  Bionomics  03to9,  life,  voftos,  order 
or  custom),  first  suggested  by  Prof.  Patrick  Geddes,  is  essen- 
tially equivalent  to  the  older  term  Organic  Evolution,  the 
science  of  the  facts,  processes,  and  laws  involved  in  the  mutation 
of  organisms.  For  many  reasons,  this  new  name,  Bionomics, 
with  its  technically  exact  meaning,  should  be  preferred  to  the 
phrase  Organic  Evolution,  as,  unlike  the  latter,  it  involves  no 
philosophic  assumptions. 

That  organs  and  organisms  do  change  from  day  to  day,  and 
place  to  place,  and  from  generation  to  generation  is  an  observed 
fact,  which  now  admits  of  no  doubt.  The  orderly  arrangement 
of  our  knowledge  of  this  process  constitutes  a  branch  of  science. 
To  ase  the  word  evolution  in  regard  to  this  process  is  to  use  a 
philosophic  term  in  connection  with  a  group  of  scientific  facts. 
For  the  word  evolution  means  unrolling.     It  carries  the  thought 
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2  EVOLUTION  AND  ANIMAL  LIFE 

that  something  which  was  previously  hidden  is  now  brought  to 
light.  This  leads  naturally  to  the  philosophic  suggestion  that 
whatever  is  evolved  must  be  previously  involved.  This  may 
be  true  as  a  matter  of  words,  but  not  necessarily  so  as  a  matter 
of  fact,  unless  we  reduce  these  words  to  the  simple  meaning 
that  the  actual  now  must  have  been  the  possible  before;  what- 
ever actually  takes  place  was  a  possibility  before  it  happened. 

The  word  evolution,  then,  belongs  to  philosophy  rather  than 
to  science.  In  the  philosophy  of  nature  the  idea  that  present 
conditions  are  brought  about  through  unrolling  or  unveiling 
has  had  a  long  existence.  The  word  evolution  has  been  fre- 
quently appUed  to  the  process  of  growth  and  maturity  of  the 
individual  animal  or  plant,  and  again  to  the  process  of  deriva- 
tion of  species  from  ancestral  organisms,  and  again  to  the  pro- 
gressive changes  in  the  forms  of  inorganic  bodies,  as  planets 
or  mountains.  Each  one  of  these  meanings  is  essentially  dis- 
tinct from  the  others,  and  each  is  distinct  from  the  theory 
of  evolution  which  existed  in  the  dawn  of  biological  science. 
When  men  first  l>egan  to  notice  the  changes  in  the  animal 
embryo,  through  which,  from  the  formless  egg,  little  by  little, 
the  individual  was  built  up,  becoming  at  each  stage  of  the 
process  larger,  more  si)eciaUzed,  and  more  like  the  parent 
from  which  it  sprang,  it  was  natural  to  regard  this  process  as 
an  unrolling.  It  was  natural,  too,  to  supix)se  that  the  egg 
was  not  really  formless,  but  that  the  beginnings  of  each  part 
of  the  final  organism  existed  within  it  in  fact,  if  we  could 
see  them.  Hence  evolution  took  the  form  of  a  theory  of 
encasement.  Men  imagined  that  the  egg  of  the  chicken  con- 
tained a  minute  chicken,  and  that  within  this  chicken  wore 
the  germs  of  the  eggs  the  future  hen  would  l^ear;  and  again, 
that  encased  within  each  of  these  eggs  was  an  endless  series  of 
the  eggs  and  chickens  of  all  the  future.  In  like  fashion,  men 
conceived  that  in  the  small  human  egg  were  the  bodies  and 
embryos  of  countless  future  generations.  In  some  theories, 
this  idea  of  encasement  was  applied  not  to  the  egg,  but  to  the 
male  germ,  the  homunculus  or  minute  man  in  whom  the  gener- 
ations of  the  future  were  enfolded  and  from  which  they  un- 
.  rolled. 

The  perfection  of  the  microscope  as  an  instrument  of  pre- 
cision did  not  verif}'  these  theories  of  encasement.  The  egg 
still  apix^ared  essentially  formless,  a  mass  of  undifferentiated 
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protoplasm,  or  at  least  without  traceable  lineaments  of  the 
future  embryo.  It  was  a  single  cell,  apparently  essentially  like 
any  other  cell,  a  single  one  of  the  units  of  structure  of  which 
living  organisms  are  made. 

Thence  arose  the  theory  of  upbuilding  or  epigenesis  («r4 
upon,  yiy€tn^  birth)  of  organisms,  by  the  addition  of  cell  upon 
cell,  to  tlic  original  germ  or  egg.  Ekch  egg  cell  by  segmentation 
divides  into  two  daughter  cells,  and  these,  through  the  influence 
of  heredity,  naturally  arrange  themselves  so  that  a  new  organ- 
ism is  formed  similar  to  the  parent  organism.  It  was  recognized 
tliat  the  form  was  predetermined  by  the  ancestry,  but  no 
longer  that  the  embryo  was  literally  released  from  encasement 
within  the  structure  of  the  egg.  The  evolution  of  the  individual 
is  thus  conceived  as  the  realization  of  an  hereditary  tendency. 

But  *' hereditary  tendency*'  is  again  a  metaphorical  ex- 
pression. In  biology,  we  know  no  "influence"  or  "tendency" 
which  is  not  locaUzed  somewhere.  Any  act  or  modification  of 
an  act  is  a  function  of  some  particular  organ.  To  account  for 
the  likeness  involved  in  the  facts  of  heredity,  we  must  expect 
to  find  some  form  of  organic  mechanism. 

Such  mechanism  must  exist  within  the  germ  cell  itself,  and 
its  existence  as  the  "physical  basis  of  heredity"  is  now  well 
established.  In  a  later  chapter  we  shall  discuss  the  nature 
of  this  i)hysicul  basis,  the  structures  within  the  nucleus  of  the 
germ  cell  which  control  or  preside  over  the  development  of  the 
individual.  From  our  knowledge  of  the  operation  of  the  cell 
in  heredity  we  recognize  the  facts  of  epigenesis,  and  with  these 
a  theory  of  individual  evolution,  much  more  subtle  than  the 
old  theory  of  encasement. 

We  may  therefore  still  imagine  the  maturing  of  the  individ- 
ual organ  as  a  process  of  evolution,  or  unrolling,  of  the 
herwHtary  plan  as  hidden  in  the  structure  of  its  cells.  We  may 
also  s|x^ak  of  the  same  process  as  a  development.  To  envelop 
is  to  make  snug.  Development  is  its  opposite.  To  develop 
Is  to  make  free  or  independent. 

From  the  evolution  of  the  individual  it  is  natural  to  extend 
the  ase  of  the  word  evolution  or  the  word  development  to  the 
changes  which  characterize  the  history  of  a  species  or  other 
group  of  animals  or  plants,  a  process  which  has  also  been  called 
transformism  or  transmutation.  This  word  transmutation  de- 
scribes   the   process  more   literally  than   either  evolution  or 
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development.  That  species  do  change  their  structure  with 
time  or  with  space  is  a  matter  of  common  scientific  observation. 
With  the  lapse  of  time,  generation  following  generation,  direct- 
ive influences  combine  to  modify  the  line  of  descent.  With 
the  separation  of  individuals  by  barriers  of  land  and  water 
and  varying  cUmate,  differing  lines  of  descent  are  brought  into 
existence.  The  fact  of  descent  with  modification  large  or  small 
is  a  matter  of  common  knowledge  in  the  biology  of  toKiay,  veri- 
fied in  the  hundreds  of  thousands  of  species  of  organisms  now 
known  and  classified.  To  call  this  transmutation  of  species  is 
but  to  state  the  fact.  To  call  it  evolution  is  to  suggest  a  theory 
that  all  these  changes  are  but  the  unrolUng  of  the  plan — a  move- 
ment toward  some  predetermined  end.  That  this  is  true  we  have 
no  means  of  knowing,  and  the  results  as  they  appear  to  us  seem 
to  be  determined  by  proximate  causes  alone.  Among  these 
proximate  causes  are  differences  in  structure  and  in  degrees  of 
adaptability  among  individuals,  the  operation  of  the  rule  of 
the  survival  of  the  best  adapted,  the  inheritance  by  indi\'iduals 
of  the  traits  of  the  immediate  ancestry,  and  the  effects  of  cli- 
matic changes,  and  of  migrations  hampered  and  unhampered 
by  the  presence  of  physical  barriers.  The  effects  of  influ- 
ences Uke  these  are  considered  by  most  writers  as  the  es- 
sential elements  in  "organic  evolution."  But  a  few  writers 
give  external  influences  a  secondary  place,  confining  the  term 
evolution  solely  to  the  results  of  causes  resident  within  the 
individual. 

Speaking  broadly  we  find  as  a  fact  that  transmutation  of 
species  through  the  geologic  ages  has  been  accompanied  by 
increasing  divergence  of  type,  by  the  increased  specialization 
of  certain  forms,  and  by  the  closer  and  closer  adaptation  to 
conditions  of  life  on  the  part  of  the  forms  most  highly  special- 
ized, the  more  perfect  adaptation  and  the  more  elaborate 
specialization  being  associated  with  the  greatest  variety  or 
variation  in  environment.  Accepting  for  this  process  the  name 
of  organic  evolution,  Herbert  Sixjncer  has  deduced  from  it  the 
general  law  that  as  life  endures  generation  after  generation,  its 
character,  as  shown  in  structure  and  function,  undergoes  con- 
stant differentiation  and  specialization.  In  this  view,  the 
transmutation  of  species  is  not  merely  an  observed  process,  but 
a  primitive  necessity  involved  in  the  very  organization  of  life 
itself. 
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A  process  of  orderly  mutation  is  observed  not  only  in  living 
things  but  in  inanimate  objects  as  well.  The  features  of  the 
surface  of  the  earth  pass  through  a  slow  process  of  unroUing — 
from  primitive  chaos  to  the  diversified  earth  of  to-day.  Mani- 
festly we  cannot  imagine  a  homogeneous  earth  which  could 
forever  retain  its  homogeneous  condition.  At  least  our  universe 
and  our  earth  have  not  done  so.  A  cooUng  earth  must  lose 
its  perfect  rotundity,  its  surface  must  become  diversified,  its 
relation  to  the  sun  must  cause  its  equator  to  differ  from  its 
poles.  A  single  homogeneous  form  of  life  on  this  earth  could 
not  remain  uniform  because  it  would  be  thrown  under  varying 
conditions.  It  could  not  be  the  same  under  the  tropical  sun  as 
imder  the  arctic  cold,  and  the  individuals  adapted  to  either 
would  tend  to  reproduce  individuals  likewise  adapted.  There 
must,  then,  exist  in  all  things  a  ''  tendency  "  to  become  special- 
ized and  differentiated.  In  accordance  with  this  tendency,  it  is 
conceived  that  nebulous  masses  have  been  concentrated  into 
planets  and  the  generalized  creatures  of  geologic  time  have  been 
succeeded  by  variant  and  sjx*cialized  forms,  their  lineal  de- 
scendants. 

The  universal  formula  of  the  process  of  evolution  is  com- 
pactly stated  by  Herbert  Spencer  in  these  famous  words: 

"Evolution  is  a  continuous  change  from  indefinite  incoherent 
homogeneity  to  a  definite  coherent  heterogeneity  of  structure  and 
function,  through  successive  differentiations  and  integrations.  In 
its  physical  as|)ect  evolution  is  further  an  integiation  of  matter  with 
concomitant  dissipation  of  motion." 

This  formula  applies  more  or  less  to  all  forms  of  orderly 
change,  that  is,  change  due  to  a  persistent  cause,  a  continuous 
force.  Thus  solar  systems  are  conceivably  formed  from  nebula*. 
Thus  continents  and  mountain  chains,  islands  and  river  basins 
are  shai)ed.  Thus  organisms  are  derived  from  parent  organisms. 
Tlius  all  the  variant  chemical  elements  may  have  been  (hypo- 
thetically)  derived  through  influences  as  yet  not  even  imagined, 
from  the  unknown  and  probably  imknowablo  primitive  element, 
protyl.  The  general  movement  is  from  the  simple  to  the 
complex,  from  the  homogeneous  to  the  heterogeneous,  from 
the  inexperienced  to  the  experienced,  from  the  undivided  to 
the  divided,  from  the  inchoate  to  the  integrated.     Whatever 
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happens  in  time  or  is  encountered  in  space  promotes  evolution. 
But  the  kind  of  evolution  thus  produced  is  very  different  in 
different  kinds  of  objects. 

Biological  evolution  and  cosmic  evolution  are  not  the  same. 
From  the  biological  side  a  certain  objection  must  be  made  to 
this  philosophical  theory  of  universal  or  cosmic  evolution.  In 
organic  and  inorganic  evolution  there  is  much  in  common  so 
far  as  conditions  and  results  are  concerned;  but  these  likenesses 
belong  to  the  realm  of  analogy,  not  of  homology.  They  are  not 
true  identities  because  not  arising  from  like  causes.  The  evo- 
lution of  the  face  of  the  earth  forces  parallel  changes  in  organic 
life,  but  the  causes  of  change  in  the  two  cases  are  in  no  resfx^ct 
the  same.  The  forces  or  processes  ])y  which  mountains  are 
built  or  continents  established  have  no  homology  with  the 
forces  or  processes  which  transformed  the  progeny  of  reptiles 
into  mammals  or  birds.  Tendencies  in  organic  development 
are  not  mystic  purposes,  but  actual  functions  of  actual  organs. 
Tendencies  in  inorganic  nature  are  due  to  the  interrelations  of 
mass  and  force,  whatever  may  be  the  final  nu^anings  attacluHl  to 
these  terms  or  to  the  terms  matter  and  energy.  It  is  not  clear 
that  science  has  been  really  advanced  through  the  conception  of 
the  essential  unity  of  organic  evolution  and  cosmic  evolution. 
The  relatively  little  the  two  grouj)s  of  procc^ssos  have  in  common 
has  been  overemphasized  as  compared  with  their  fundamental 
differences.  The  laws  which  govern  living  matter  are  in  a  large 
extent  peculiar  to  the  process  of  living.  Process(*s  which  are 
functions  of  organs  cannot  exist  where  there  are  no  organs. 
The  traits  of  protoplasm  are  shown  only  in  the  pn^scMice  of 
protoplasm.  For  this  reason  we  may  well  separate  the  evolu- 
tion of  astronomy,  the  evolution  of  dynamic  geology  and  of 
physical  geography,  as  well  as  the  purely  hypothetical  evolu- 
tion of  chemistry,  from  the  observed  phenomena  of  the  evoluticm 
of  life.  To  regard  cosmic  evolution  and  organic  evoluticm  as 
identical  or  as  phases  of  one  j)r()cess  is  to  obscure  facts  by 
verbiage.  There  are  essential  elements  in  each  not  shared  by 
the  other — or  which  are  at  least  not  identical  when  uninsured 
in  terms  of  human  experience.  It  is  not  clear  that  any  force 
whatever  or  any  sequence  of  events  in  the  evolution  of  life  is 
homologous  with  any  force  or  secjuence  in  the  evolution  of 
stars  and  planets.  The  unity  of  forces  may  be  a  philosophical 
necessity.    A  philosophical  necessity  or  corner  in  logic  is  un- 
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known  to  science.  We  can  recognize  no  logical  necessity  until 
we  are  in  possession  of  all  the  facts.  No  ultimate  fact  is  yet 
known  to  science. 

For  reasons  indicated  above  the  term  evolution  is  not 
wholly  acceptable  as  the  name  of  a  branch  of  science.  The 
term  bionomics  is  a  better  designation  of  the  changing  of 
organisms  influenced  through  unchanging  laws.  It  is  a  name 
broader  and  more  definite  than  the  term  organic  evolution,  it 
is  more  euphonious  than  any  phrase  meaning  life  adaptation,  it 
involves  and  suggests  no  theory  as  to  the  origin  of  the  phenom- 
ena it  describes. 

It  is  a  matter  of  common  observation  that  organisms  change 
from  day  to  day,  and  that  day  by  day  some  alteration  in  their 
environment  is  produced.  It  is  a  conclusion  from  scientific 
investigation  that  these  changes  are  greater  than  they  appear. 
Not  only  do  they  affect  the  individual  animal  or  plant,  but  they 
affect  all  groups  of  living  things,  classes  or  races  or  species. 
No  character  is  permanent,  no  trait  of  life  without  change; 
and  as  the  living  organism  and  groups  of  organisms  are  un- 
dergoing alteration,  so  does  change  take  place  in  the  objects 
of  the  physical  world  about  them.  ''Nothing  endures, '*  says 
Huxley,  "save  tlie  flow  of  energy  and  the  rational  order  that 
pervades  it.''  The  structures  and  objects  change  their  forms 
and  relations,  and  to  forms  and  relations  once  abandoned  they 
never  return;  but  the  methods  of  change  are,  so  far  as  we  can 
see,  immutable.  The  laws  of  life,  the  laws  of  death,  and  the 
laws  of  matter  never  change.  If  the  invisible  forces  which 
rule  all  vi.^ible  things  are  themselves  subject  to  modification 
and  evolution  we  have  not  detected  it.  If  these  vary,  their 
aberrations  are  so  fine  as  to  defy  human  observation  and  com- 
putation. In  the  control  of  the  universe  we  find  no  trace  of 
"variableness  nor  shadow  of  turning. '' 

But  the  objects  we  know  do  not  endure.  Only  the  shortness 
of  human  life  allows  us  to  speak  of  species  or  even  of  individuals 
as  permanent  entities.  The  mountain  chain  is  no  more  nearly 
eternal  than  the  drift  of  sand.  It  endures  beyond  the  period  of 
human  observation;  it  antedates  and  outlasts  human  history. 
So  may  the  species  of  animal  or  plant  outlast  and  antedate  the 
lifetime  of  one  man.  Its  changes  are  slight  even  in  the  lifetime 
of  the  race.  Thus  the  species,  through  the  persistence  of  its 
tyjx*  among  its  changing  individuals,  has  come  to  be  regarded 
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as  Homcthing  which  is  l)cyond  modification,  unchanging  so  long 
an  it  exists. 

"I  believe,"  said  the  rose  to  the  lily  in  the  parable,  "that 
our  gardener  is  immortal.  I  have  watched  him  from  day  to 
day  since  I  bloomed,  and  I  see  no  change  in  him.  The  tulip 
who  died  yesterday  told  me  the  same  thing." 

As  a  flash  of  lightning  in  the  duration  of  the  night,  so  is  the 
life  of  man  in  the  duration  of  nature.  When  one  looks  out  on 
a  storm  at  night  he  sees  for  an  instant  the  landsca[)e  illumined 
by  the  lightning  fliish.  All  seems  at  rest.  The  branches  in  the 
wind,  the  flying  clouds,  the  falling  rain,  are  all  motionless  in 
this  instantaneous  view.  The  record  on  the  retina  takes  no 
account  of  change,  and  to  the  eye  the  change  does  not  exist. 
Brief  as  the  lightning  flash  in  the  storm  is  the  life  of  man  com- 
pared with  the  great  time  record  of  life  uiK)n  earth.  To  the 
untraincHJ  man  who  has  not  learned  to  read  these  records, 
8f>eci(»s  and  typ(*s  in  life  are  enduring.  From  this  illusion  arose 
tlic  theory  of  special  creation  and  permanence  of  type,  a  theory 
which  could  not  persist  when  the  facts  of  change  and  the  forces 
causing  it  came  to  be  studied  in  detail. 

lint  wUim  uwn  came  to  investigate  the  facts  of  individual 
variation  and  to  think  of  their  significance,  the  current  of  life 
no  longfT  s(»cMn(Mi  at  rest.  Like  the  flow  of  a  niiglity  river,  ever 
sweeping  steadily  on,  never  returning,  is  the  movement  of  all 
life.  The  chang(*s  in  human  history  are  only  typical  of  the 
changes  that  take  place  in  all  living  creatures.  In  fact,  human 
history  is  only  a  part  of  one  great  life  ciu-rent,  the  movement  of 
which  is  every whcTe  governwl  by  tlie  same  laws,  dejxjnds  on  the 
same  forc(»s,  and  brings  about  like  results. 

Organic  evoluti(m,  or  bionomics,  is  one  of  the  most  com- 
preh(»nsive  of  all  the  sciences,  including  in  its  subject  matter 
not  only  all  natural  history,  not  only  proc(\ss(»s  like  cell  division 
and  nutrition,  not  only  the  laws  of  heredity,  variation,  segre- 
gation, natural  selection,  and  nuitual  help,  but  all  matters  of 
human  history,  and  the  most  complicated  relations  of  civics, 
economics,  and  ethics.  In  this  enormous  science  no  fact  can 
be  without  a  meaning,  and  no  fact  or  its  underlying  forces  can 
be  sei)arate(i  from  the  gr(»at  forces  whose  interaction  from 
moment  to  moment  writes  the  great  story  of  life. 

And  as  the  basis  to  the  science  of  bionomics,  as  to  all  other 
science,  nmst  be  taken  the  conception  that  nothing  is  due  to 
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chance  or  whim.  Whatever  occurs  comes  as  the  resultant  of 
moving  forces.  Could  we  know  and  estimate  these  forces,  we 
should  have,  so  far  as  our  estimate  is  accurate  and  our  logic 
perfect,  the  gift  of  prophecy.  Knowing  the  law,  and  knowing 
the  facts,  we  should  foretell  the  results.  To  be  able  in  some 
d^ree  to  do  this  is  the  art  of  Ufe.  It  is  the  ultimate  end  of 
science,  which  finds  its  final  purpose  in  human  conduct. 

"A  law,"  according  to  Darwin,  "is  the  ascertained  sequence 
of  events."  The  actual  sequence  of  events  it  is,  in  fact,  but 
man  knows  nothing  of  what  is  necessary,  only  of  what  has  been 
ascertained  to  occur.  Because  human  observation  and  logic 
can  be  only  partial  no  law  of  life  can  l>e  fully  stated.  Because 
the  processes  of  human  mind  are  human,  with  organic  limita- 
tions, the  study  of  the  mind  itself  becomes  a  part  of  the  science 
of  bionomics.  For  it  is  itself  an  instrument  or  a  combination 
of  instnmients  by  which  we  acquire  such  knowledge  of  the 
world  outside  of  ourselves  as  may  be  needed  in  the  art  of  living, 
in  the  degree  in  which  we  are  able  to  practice  that  art. 

The  necessary  sequence  of  events  exists,  whether  we  are  able 
to  comprehend  it  or  not.  The  fall  of  a  leaf  follows  fixed  laws 
as  surely  as  the  motion  of  a  planet.  It  falls  by  chance  because 
its  short  movement  gives  us  no  time  for  observation  and  calcu- 
lation. It  falls  by  chance  because,  its  results  being  unim- 
portant to  us,  we  give  no  heed  to  the  details  of  its  motion.  But 
as  the  hairs  of  our  head  are  all  numbered,  so  are  numbered  all 
the  g>Tations  and  undulations  of  every  chance  autumn  leaf. 
All  procoss(*s  in  the  universe  are  alike  natural.  The  creation 
of  man  or  the  growth  of  a  state  is  as  natural  as  the  formation 
of  an  apple  or  the  growth  of  a  snowbank.  All  are  ahke  super- 
natural, for  they  all  rest  on  the  liuge  uns(*on  soHdity  of  the 
universe,  the  imix*rishability  of  matter,  the  conservation  of 
energy,  and  the  immanence  of  law. 

We  sometimes  clas.sify  sciences  as  exact  and  inexact,  in 
a<*cordance  with  our  abiHty  exactly  to  weigli  forces  and  resuhs. 
The  exact  sciences  deal  with  simple  data  accessible  and  capable 
of  measurement.  The  results  of  their  interactions  can  be 
reduced  to  mathematics.  Because  of  their  essential  simplicity, 
the  mathematical  sciences  have  Ixu^n  carried  to  ^reat  com- 
parative perfection.  It  is  ea.sier  to  weigli  an  invisible  planet 
than  to  measure  the  force  of  heredity  in  a  grain  of  corn.  The 
sciences  of  Ufe  are  inexact  because  the  human  mind  can  never 
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grasp  all  their  data.  The  combined  effort  of  all  men,  the  flower 
of  the  altruism  of  the  ages,  which  we  call  science,  has  made 
only  a  beginning  in  such  study. 

But,  however  incomplete  our  realization  of  the  laws  of  life, 
we  may  be  sure  that  they  are  never  broken.  Each  law  is  the 
(expression  of  the  best  possible  wAy  in  which  causes  and  results 
can  be  linked.  It  is  the  necessary  sequence  of  events,  therefore 
the  best  sequence,  if  we  may  imagine  for  a  moment  that  the 
human  words  "good"  and  "bad''  are  appHcable  to  world 
processes.  The  laws  of  nature  are  not  executors  of  human 
justice.  Each  has  its  own  operation  and  no  other.  Each 
represents  its  own  tendency  toward  cosmic  order.  A  law  in 
this  sense  cannot  be  ''broken.''  "If  God  should  wink  at  a 
single  act  of  injustice,"  says  the  Arab  proverb,  "the.  whole 
universe  would  shrivel  up  like  a  civst-off  snake  skin." 

The  laws  of  nature  have  in  themselves  no  necessary  principle 
of  progress.  Their  fimctions,  each  and  all,  may  be  defined  as 
cosmic  order.  The  law  of  gravitation  brings  order  in  rest  or 
motion.  The  laws  of  chemical  affinity  bring  about  molecular 
stability.  Heredity  repeats  strength  or  weakness,  good  or  ill, 
with  like  indifference.  The  past  will  not  let  go  of  us;  we  cannot 
let  go  of  the  past.  The  law  of  mutual  help  brings  the  per|)et na- 
tion of  weakness  as  well  as  the  strength  of  co6})eration.  Even 
the  law  of  pity  is  pitiless,  and  the  law  of  mercy  merciless.  The 
nerves  carry  sensations  of  pleasure  or  pain,  themselves  as  indif- 
ferent as  the  telegraph  wire,  which  is  man's  invention  to  serve 
similar  purposes.  Some  men  who  call  themselves  pessimists 
because  they  cannot  read  good  into  the  operations  of  nature 
forget  that  they  cannot  read  evil.  In  morals  the  law  of  compe- 
tition no  more  justifies  personal,  official,  or  national  selfishness 
or  brutahty  than  the  law  of  gravitation  justifies  the  shooting 
of  a  bird. 

The  science  of  bionomics  centers  about  the  theory  of  descent, 
the  belief  that  organs  and  species  as  we  know  them  are  derived 
from  other  and  often  simpler  forms  by  processes  of  divergence 
and  adaptation.  According  to  this  theory  all  forms  of  life 
now  existing,  or  that  have  existed  on  the  earth,  have  risen  from 
other  forms  of  life  which  have  previously  lived  in  turn.  All 
characters  and  attributes  of  speci(»s  and  groups  have  developed 
with  changing  conditions  of  life.  The  homologies  among 
animals  are  the  results  of  conunon  descent.     The  differences 
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arc  due  to  various  influences,  one  of  the  leading  forces  among 
these  being  competition  in  the  struggle  for  existence  between 
individuals  and  between  species,  whereby  those  best  adapted 
to  their  siuroundings  live  and  reproduce  their  kind. 

This  theory  is  now  the  central  axis  of  all  biological  investi- 
gation in  all  its  branches,  from  ethics  to  histology,  from  anthro- 
pology to  bacteriology.  In  the  light  of  this  theory  every 
peculiarity  of  structure,  every  character  or  quality  of  individual 
or  species,  has  a  meaning  and  a  cause.  It  is  the  work  of  the 
investigator  to  find  this  meaning  as  well  as  to  record  the  fact. 
"One  of  the  noblest  lessons  left  to  the  world  by  Darwin,"  says 
Frank  Cramer,  "is  this,  which  to  him  amounted  to  a  profound, 
almost  religious  conviction,  that  every  fact  in  nature,  no  matter 
how  insignificant,  every  stripe  of  color,  every  tint  of  flowers, 
the  length  of  an  orchid's  nectary,  unusual  height  in  a  plant,  all 
the  infinite  variety  of  apparently  insignificant  things,  is  full  of 
significance.  For  him  it  was  an  historical  record,  the  revelation 
of  a  cause,  the  lurking  place  of  a  principle."  It  is  therefore  a 
fundamental  principle  of  the  science  of  bionomics  that  every 
structure  and  every  function  of  to-day  finds  its  meaning  in  some 
condition  or  in  some  event  of  the  past. 


CHAITER  II 
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"L'c3|idro,  r'nst  un 
pr^Berite  toujours  tcfl  nH'i 
dans  IcB  mf'incs  localiti?; 
Raubur,  1842. 


Hrc  qui  dans  sea  fr(^ii(^rations  sucreasivea 
icscaracWrea  d'orKaaisalion;  il  faut  ajouter 
ct  Ics  mcnies  cirtoiistancea  ext^rieures." — 


"That  myslpry  of  tiiyaleries  aa  it  has  lioon  railed  by  one  of 
r  greatest  philosophers" — this  is  Darwin's  plirase  regarding 
the  problem  before  ua,  the 
origin  of  spedes — the  origin 
or  cause  of  variety  in  the 
life  of  the  globe. 

That  variety  exists,  that 
there  arc  many  kinds  and 
types,  Rrades  and  grada- 
tions ill  animal  and  vege- 
table life  is  evident  to  all. 
Birds  and  trees,  beetles 
and  butterflies,  6shes  and 
flowers,  ferns  and  blades  of 
grass,  nil  these  are  objects 
of  constant  rceognition. 
The  firccn  cloak  which 
covers  the  brown  earth  is 
tlie  shield  nndcr  which 
myriads  of  organisms, 
brown  ami  green,  carry  on 
their  life  work,  and  still 
farther  below  the  level  of 
our  (triiinary  notice  exists 
a  rungc  of  life  scarcely  less 

liiiiifcr  nro  iitlroducvd  rimpiy  to 
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varied.  Pasteur  has  defined  fermentation  as  "  life  witiiout  air." 
A  boat  of  chemical  changes  in  organic  matter,  fermentation, 
putrefaction,  infection  of  disease— all  these  are  the  work  of 
minute  organisms  none  the  less  real  because  invisible  and  as 
varied  in  form  and  structure  as  in  the  differing  effects  their 
presence  may  produce. 

Each  kind  of  animal  or  plant,  that  is,  each  set  of  forms 
which  in  the  changes  of  the  ages  has  diverged  tangibly  from  its 
neighbors,  is  called  a  species.  There  is  no  absolute  definition 
for  the  word  species.  Tiie  word  kind  represents  it  exactly  in 
common  language,  and  is  just  as  susceptible  to  exact  dofinilion. 


)"r.TS^ 


Kni.  2. — ^KAngATUo  ra 


re  dcdcri  (cino-hulf  iif 


The  scientific  idea  of  species  does  not  differ  materially  from  the 
popular  notion.  A  kind  of  tree  or  bird  or  squirrel  is  a  species. 
Those  individuals  which  agree  very  closely  in  structure  and 
function  IwlonR  to  the  same  species.  Tliere  is  no  aI>solutc  test, 
other  than  the  common  judgment  of  men  conipelciit  to  decide. 
Naturalists  recognize  certain  formal  rules  us  assi^iting  in  siicli  a 
deci.iion.  A  series  of  fully  intcrgradinp;  forms,  however  varidi 
at  the  extremes,  is  usually  roganlwl  as  forming  a  simeIc  s|)c('ies. 
There  are  certain  recognized  effects  of  climate,  of  chTiialic  iso- 
lation, and  of  the  isolation  of  doiiieHlicatiun.  Tlier^c  <Io  not 
iLsually  make  it  necessary  to  regard  as  di; 
extreme  forms  of  a  scries  concerned. 

In  the  words  of  the  entomologist  Riiiitlii 
group  of  beings  which  in  successive  generatii 
characters  of  organisation,  nnchangeil  sn  Id 
and  external  conditions  n-niain  unchangeii." 


tJie 


show  tlie  same 
iis  the  locality 
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The  number  of  spcripa  actually  existing  is  far  Iwyomi  ordi- 
nary coKccpHon,  The  earliest  serious  attempt  to  i^ulologuc  the 
s|>ccios  of  animals  anil  plants  was  made  by  Linnu^'U».  In  I  he 
tenth  edition  of  his  "  Hystcma  Natura;  "  in  1758,  in  the  8;J3  pages 


drvii(c<I  to  aniinul.j.  lie  doscribcs  and  naini-s  fKinu-  four  t  housand 
(liffi'ri'nl  kinds,  (ireat  !is  Ihis  number  si-emod.  binmeus  ven- 
tiirttl  tosiiKfrcsl  lliiit  probiiMy  liis  pjifios  did  iml  include  half  of 
tliose  kinds  of  animals  actuidly  cxistititc- 

Tii-iiiiy  nur  records  c(int:iin  descriplidiis  of  more  liian  one 
liundred  :uid  fifty  limes  as  m!iny  kinds  of  aiiitnuls  as  were  known 
to  Limiivus  and  idl  his  [jrcilecessiirs  and  all  his  associates  of  a 
century  and  a  half  ajro.  I-:!ieh  year,  since  ISfi4.  (here  has  been 
published  in  London  a  volume  called  ihe  "  Zoiilotrieal  Record." 
Ivich  of  (lie  v(ihiint's-lar(rer  than  the  whole  '•Svslenn*  \atura'" 
-  conlaiiis  the  naim-s  of  (hi-  aniuiiils  ti.-w  to  science  which  have 
Imvu  a.ld.tl  lo  the  svst.-m  in  the  year  of  which  il  treats.     In  the 
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rt'Minl  of  eiKrli  year  wd  find  almut  twelve  ihoiisiind  spcoios,  about 
t\iT*v  tiitiLtt  as  iimiiy  unituul^  sm  in  tho  whole  "  Sy^teiiiu  X;itiiru'." 
Vet  the  fiL'ld  sliuwd  no  Higtm  of  ex  liu  list  ion.  An  tlie  volumes  of 
till'  "Zoulogieal  Rf-eord"  stand  on  tiie  uliitlvos,  it  is  oa-iy  to  iwe 
ilint  tlic^  later  voliinif>»  are  the  tliiekost;  nn<l  those'  of  llie  new 
(-(■iitnn',  witli  a  general  revival  uf  inlert.'st  in  Ky^teinalic  zoi'ilogy 


t..l  III.- Mii.lv  of  c<-..j:m],liic!,l  di-rril 
11.  ■ni.-d.'i.lhs.>rih<-^^.-;i.llir,)HTii:l. 
■■■■:  .,1'  ilie  coriil  rcff-!,  tht-  liiiulm-i  n 


■  ■  111.'  lIlirK'-l    of 

(n.,ii,-,  ili,..-rvv- 
ith.  i!m-  hiiil.^  of 
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trees,  the  hair  of  mammals,  the  feathers  of  birds,  the  body 
tissues  of  mosquitoes,  all  places  where  aiilmftl  life  is  found,  are 
being  examined  with  an  eagerness  not  leas  than  that  of  the  early 
explorers,  while  the  investigators  of  to-day  are  amted  with 
every  appliance  that  science  can  devise.  Yet  now.  as  in  lin- 
nieus's  time,  it  is  certain  that  not  half  of  the  number  of  species 
of  animal  orgnnisms  is  yet  knowTi.     The  600,000,  more  or  less, 


on  our  refpstera  to-day  are  certainly  far  Iws  iliaii  half  of  the 
millions  which  actually  exist. 

In  botany  we  find  the  same  conditions.  There  are  fewer 
known  species  of  plants  than  anjnuUsbyhalf,  and  they  areniorf 
easily  preserver]  ami  handled,  while  the  work  of  collection  and 
investigation  proceeds  on  a  scale  even  more  exten.sive.  yet  it 
would  be  a  Imld  statement  to  say  that  we  know  to-day  half  the 
species  of  plants  tliat  exist. 

All  this  refers  to  the  forma  now  living,  without  reference  to 
the  host  which  composes  their  long  ancestry,  extending  back- 
ward toward  the  dawn  of  crcatiiin.  The  si)ecica  have  come 
down  through  the  geological  ages,  changing  in  form  and  func- 
tion to  meet  the  varying  needs  of  changing  environment.     Tliis 
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meralion  takes  no  acrount  of  the  still  vaster  myriatls  of  fortn^ 
.  ondJesfily   varied  which  have  perished  utterly  ii 
'  cnvironiiu'iit,  leaving  no  trace  in  (lie  line  ttf  lict 


■Of  tliese  rxtirtrt  forms  of  aiiiirials  ami  plants  wp  know  a  few 
I  lim*  anil  ftiiolhcr  there:  here  a  bane,  there  a  tooth,  here| 
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mass  of  shells,  there  a  piece  of  [xrtrifieil  wood,  an  insect  in  the 
marl  l>ed  or  a  leaf  preserved  flat  id  the  shale.  Eat-li  of  these 
foaaila  is  a  record  of  past  life,  tnie  beyond  inii>eachment,  but 
the  fragments  are  so  few,  so  scrattercd,  so  broken,  as  to  give 
only  hints  of  the  history  they  represent. 

Moreover,  as  we  extend  our  studies  of  species  we  End  that 
they  cliatiiiL-  with  space  ;is  wi-11  ms  with  time.     Tlicse  fliai 


rid 


L 


are  in   large  degree  a  response   to   exiernal   conditions, 
conditions  change,  so  do  forms  change  to  fit  their  tnirroimdingsj 
A  movement  over  the  surface  of  the  eiirth,  any  movement  in 
epacc,  brings  organisms  in  contact  with  barriers.     A  barrici 
means  a  cliange  in  conditions  of  life.     As  distance  in  apt 
brings  barriers,  so  does  the  passage  of  tinie  bring  events  whid 
are   barriers   also.     Time   brings   new    events;   events 
changes  in  conditions,  and  change  brings  about  divergenci 
Neither  time  nor  space  flows  evenly. 

Variations  in  ttirn  become  greater  with  lapse  of  lime  am 
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space,  for  these  again  bring  other  events  and  disclose  other 
barriers,  A  closer  observation  will  show  us  that  the  range  of 
variety  is  far  greater  than  is  indicated  by  the  number  of  species. 
There  b  not  one  blade  of  grass  in  the  meadow  exactly  like  any 
other  blade.  There  is  not  a  squirrel  in  the  forest  like  any 
other  squirrel,  not  a  duck  on  the  pond  like  any  other  duck  in 
every  detail  of  its  structure.  If  we  compare  two  rose  leaves 
we  shall  find  differences  in  size,  in  serration  of  the  margin,  in 
the  length  of  the  stalk,  in  the  hairs 
on  the  surface,  in  the  intensity  of 
the  green,  in  the  number  of  breath- 
ing pores  on  the  lower  side.  In 
every  structure  and  function  where 
difference  is  possible  variation  will 
appear.  The  squirrels  or  the  ducks 
will  differ  in  shade  of  color,  in  dis- 
tinctness of  marking,  in  length  of 
limb,  in  breadth  of  organ,  in  every 
way  in  which  there  is  play  for  in- 
dividualism. 

Nor  are  these  differences  liiii 
to  matters  of  color  or  form.  There 
are  like  variations  in  function,  in 
tendency,  in  disposition,  in  endur- 
ance. No  two  men  ever  bore  the 
same  features,  no  two  ever  held  tlie 
same  character,  no  two  ever  lived 
tlie  same  life.  The  traits  of  the  in- 
dividual, however  small,  appear  on 
every  hand.  It  is  by  httle  traits  of 
cinpha-iis  that  wo  recognize  our  frieni 
ali.sm  is  ixtsscssed  liy  the  lower  aniniw 
the  differences  in  stress  and  crnplia.sis  in  rulur  an 
riwist  marked  in  creatures  of  the  most  hipjdy  spcriidizcd  (iif;aiii- 
zation.  In  all  animals  and  all  plants  like  difTcrcnccs  ohtaiii. 
Xo  two  individuals  of  any  species  are  ever  ijuitc  the  Hiinie.  Ni) 
two  germ  cells  of  the  same  parent  are  ever  (|uilc  alike.  No  two 
cell.1  in  the  iMxIy  are  ever  exactly  identical.  Aiimnf;  jilatils  of 
the  same  kiml  in  the  field,  .«oiiio  are  cut  down  by  frost  wliilr 
others  |)ersiHt;  some  arc  de.stroved  by  drouglil  while  iilliers  en- 
dure: Boiiie  arc  inunune  to  attacks  of  rust  while  others  are  ex- 


The  ^ 


■  pla. 


Is,    tlKIU^Jl 

iiciiic  lire 
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tiTtiiiruttCfl  by  such  parasites.  Fill  a  boUte  with  flies.  All  in 
tirne  will  die  of  suffocation,  but  a  certain  few  will  outlast  the 
Bring  in  a  number  of  wolf  cubs.  Some  will  become 
relatively  tame — some  will  remain  wolves,  and  between  the 
nioAt  flerne  and  the  most  donile  we  shall  find  all  j 
Miriation.  "  What  is  one  man's  food  is  another  man's  poison." 
Tliis  proverb  is  a  recognition  of  the  principle  of  individuality 
wliieh  accoinjwiiies  everywhere  the  formation  of  six'cies,  .ind 
'verywhere  preeent,  it  must  be  an  integral  part  of  the 


Such  inffBTcnces  are  not  mallei-s  of  slriietine  alone, 
rrh(ih>g)cnl  dilTcrenc(s,   illfferences  in   instini'r,   in   ndapla- 
y.  in  nite  of  nerve  ]>ro<-esses  are  just  as  marked  as  differ- 
in  wwUiniy.     They  may  separate  one  spcries  from  an- 
Thvy  may  be  just  as  decided  williin  the  limits  of  the 
n«»  ilflelf.     Moreover,  the  beginnini;  of  variation  is  not  wit  li 
t  individual  orgutitsins.     No  two  cells  are  absohitely  alike, 
I  in  the  variance  of  the  germ  cells,  from  which  individtmla 
ring,  ft]]  thfl  viKmonts  of  their  future  variation  are  involved. 
[  Without  ftirther  discussion,  it  is  evident  that  variety  in  life 
I  fadnr  in  the  histtory  of  our  globe,  that  it  may  be  expressed 
a  of  uumliGr  of  8|)ecic8,  but  that  the  actual  range  of  vuna- 
I*  far  (fTf-atiT  than  Ihe  numl>cr  of  species,  and  that  if  caiiaea 
D  bo  judged  by  range  of  effects,  we  must  fmd  in  the  origin  of 
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Species  the  operation  of  world-wide  forces,  the  cooperation  of 
great  influences,  far-reaching  in  time  and  space,  as  broad  as  the 
surface  of  the  globe  and  as  enduring  as  its  life.  To  consider 
these  causes  so  far  as  known  is  the  purpose  of  this  work.  Our 
problem  is  no  longer  the  "  mystery  of  mysteries,"  for  in  a  large 
way  by  the  work  of  Darwin  and  his  successors  the  influences 
promoting  variety  in  life  are  already  known.  We  know  many 
of  the  different  factors  which  produce  divergence  in  form  and 
adaptation  to  conditions.  But  the  relative  value  of  these 
factors  is  less  certain,  and  from  time  to  time  other  and  more 


subtle  factors  are  brought  to  light,  or  the  great  forces  them- 
solvcM  are  analy/eil  into  finer  component  elements. 

But  with  all  that  we  may  say  of  the  universality  of  variation 
and  the  prevalence  of  individualism,  we  are  equally  impressed 
Willi  the  underlying  unity.  There  are  only  a  few  ty|)es  of 
.'jtrui'ture  among  aniinals,  and  in  these  few  the  beginnings  in 
ilevi'loj»nient  are  the  same.  The  plants  show  similarly  a  few 
modes  of  development.,  and  all  the  range  of  famihes  and  forms 
is  baseil  on  the  m«Htifica(ion  of  a  few  simple  types.  Moreover 
all  living  forms,  jilanls  and  aninial.s  alike,  agree  in  the  funda- 
mental elements.  All  are  made  of  a  framework  of  cells,  each 
cell  a  source  of  energy,  containing  in  all  cases  a  semifluid  net- 
work of  protopla.sni,  which  Is  foimd  wlierever  the  phenomena 
of  life  apjKiar.  In  all  llic  cells  is  the  mysterious  nuclear  sub- 
stance which  seems  to  direct  the  operations  of  heredity.  The 
same  laws  or  methods  of  heredity,  variability,  and  resjionse  to 
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outside  etimulus  hold  in  all  the  organic  world.     We  ciill  aitimiits 

and  plants  "organic"  because  they  are  made  up  of  organs, 

(I'iU.  and  tissues  so  groujKid  that  like  striirtures  perforin  like 

funL-tions.     We  could  not  use 

;i  gpntrric  lenn  like  organic, 

were  it  not  for  the  elructural 

rcsrnihlnnoos  i-xisiing  in  each 

individual  in  great  groups  of 

organ  isTi  IS.       All     organiHnis 

hiive    ihi!   inipuLso   lo   rcpro- 

ilmiion.     All    are    forced    lo 

n^akc    L-oncirssion    after    con- 

u^on  to  their  surroundings 

and  in  such  cjnrc^sions  prog- 

reaa     in     life     consists.      At 

last   each  organism   or  each 

alliance  of  organisms  is  dis- 

Bolvol    l)y    tlie    procees    of 

dcBth. 

Tlic  unity  in  life  is  then 
l««  a  fact  than  the 
rsitj'.  However  great 
emphuKis  we  lay  on  in- 
mduality  or  diversity,  the 
iliul  unity  of  life  must 
be  forgotten,  Wliatevcr 
luiion  n'c  may  find  to  the 
iblen)  of  the  origin  of 
tipecies,  must  also  explain 
why  ii)N>eirA  and  individuals 
may  be  so  much  ahkc  in  all 
Iprxe  details  of  structure. 
know  the  orij;in  of  Hjiccies 
nii»t  aliw  know  why 
vperim  admit  of  natural 
tlAMificalinn.  Why  is  variety 
in  life  bawxl  on  essential 
wiily? 

From  the  fumlarnentai  imity  of  the  species  of  to-day,  we 

infer  the  similar  unity  of  species  in  past  time.     From  the 

of  "niici^  in  tmity  oomn  the  likening  of  epedes  of 
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animals  or  plants  to  the  separated  twigs  of  a  tree,  of  which 
the  trunk  is  more  or  less  concealed.  "We  can  only  predicate 
and  define  species  at  all/'  says  Dr.  Elliott  Coues,  "  from  the  mere 
circumstance  of  missing  links.  Our  species  are  twigs  of  a  tree 
separated  from  the  parent  stem.  We  name  and  arrange  them 
arbitrarily,  in  default  of  a  means  of  reconstructing  the  whole 
tree,  in  accordance  with  nature's  ramifications."    To  continue 


Fio.  14. — Heron  flying.     (After  Marey.) 


the  figure,  in  our  studies  of  the  origin  of  the  twigs  of  the  tree, 
the  existence  of  the  trunk  must  not  be  forgotten.  In  the  life 
of  the  earth  variety  in  unity,  unity  in  variety  are  nowhere 
separated. 

Another  e(iuiilly  striking  simile  is  this:  A  species  is  an 
island,  a  genus,  an  archipelago,  in  a  sea  of  death.  The  species 
is  clearly  definable  only  as  its  ancestors  and  cousins  have  dis- 
appeared, only  in  the  degree  that  the  stages  in  its  development 
are  imrepresented  in  our  records.  The  genus  is  a  gioup  of 
species,  an  archipelago  of  islands,  and  there  may  be  every 
conceivable  degree  of  width  or  breadth  of  channel  which  seems 
to  separate  one  island  or  group  of  islands  from  another. 


CHAPTER  III 

LIFE,   ITS  PHYSICAL  BASIS  AND    SIMPLEST 

EXPRESSION 

There  can  be  little  doubt  that  the  further  science  advances  the 
more  extensively  and  consistently  will  the  phenomena  of  nature  be 
represented  by  mathematical  formuke  and  symbols.  But  the  man  of 
science  who,  forgetting  the  limits  of  philosophical  inquiry,  slides  from 
these  fonnuke  and  symbols  into  what  is  commonly  understood  by 
materialism,  seems  to  me  to  place  himself  on  a  level  with  the  mathe- 
matician who  should  mistake  the  x's  and  y's  with  which  he  works  his 
problems  for  real  entities,  and  with  this  further  disadvantage  as 
compared  with  the  mathematician,  that  the  blunders  of  the  latter 
are  of  no  practical  consequence,  while  the  errors  of  systematic  materi- 
alism may  paralyze  the  energies  and  destroy  the  beauty  of  a  life. — 
Huxley. 

In  practice  the  distinction  between  a  live  thing  and  a  lifeless 
one  is  usually  of  the  simplest,  but  to  define  this  distinction  in 
terms  so  precise  that  the  definition  may  be  used  as  an  invariable 
criterion  is  a  problem  of  considerable  difficulty.  The  sheep 
grazing  in  the  field  and  the  soil  under  its  feet;  the  grass  and 
flowers  on  the  one  hand,  and  the  stones  on  the  other  hand,  in 
the  same  pa.sture;  there  are  no  difficulties  in  the  distinction 
here.  Nor,  indeed,  even  when  we  come  to  consider  the  simplest 
kin<Ls  of  organisms,  the  tiny  one-celled  plants  an<l  animals  that 
teem  in  stagnant  waters  of  the  wayside  puddle.  As  we  exannne 
a  drop  of  this  water  under  the  microscoiw  wo  know  without 
question  what  in  it  is  alive  and  what  in  it  is  dead. 

But  let  us  attempt  to  put  into  words,  into  definite  declaratory 
phrases,  the  characteristics  of  organisms  and  we  find  ourselves 
curiously  impotent.  When  we  come  to  study  analytically 
organic    nature   and   inorganic   nature,    things   animate   and 
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things  inanimate,  we  find  structures  and  behavior  among  inor- 
ganic things  which  cannot  be  readily  distinguished  in  defining 
words  from  structures  and  behavior  that  are  usually  taken  as 
characteristic  of  organisms.  On  the  other  hand  we  shall  find  in 
organic  nature  the  very  same  chemical  elements,  and  for  the 
most  part  the  same  combinations  of  elements,  that  we  find  in 
the  great  mass  of  inorganic  world  substance.  So  that  some 
biologists  by  a  detailed  and  keen,  if  somewhat  sophisticated, 
analysis  of  the  alleged  differences  between  animate  and  inani- 
mate matter  show  that  these  differences  are  not  absolute,  and 
leave  you  with  a  stone  in  one  hand  and  a  grasshopper  in  the 
other  logically  unable  to  define  the  fundamental  difference 
between  the  two,  and  yet  morally  certain  of  this  absolute 
difference. 

As  a  matter  of  fact  there  is  one  distinction  between  living 
matter  and  non-living  matter  which  even  the  cleverest  of  the 
modern  physicochemical  school  of  biologists  has  as  yet  been 
unable  to  explain  away.  And  that  is  the  inevitable  presence  in 
living  matter  and  the  inevitable  absence  in  non-living  matter 
of  certain  highly  complex  chemical  combinations  of  carbon, 
hydrogen,  oxygen,  nitrogen,  and  sulphur,  called  proteids  or 
albuminous  compounds. 

The  actual  presence  of  these  chemical  substances  in  living 
matter  is  made  manifest  to  us  by  the  physicochemical  behavior 
of  these  substances:  that  is,  by  our  observation  or  recognition 
of  their  peculiar  attributes.  This  behavior  or  these  peculiar 
attributes  or  activities  are  those  fascinating  ones  whi(^h  we  are 
accustomed  to  call  the  essential  life  processes.  What  these 
activities  are  we  indicate  in  a  not  very  precise  way  by  the 
words  organization,  assimilation,  growth,  reproduction,  motion, 
irritability,  and  adaptation.  These  essential  hfe  processes  we 
have  come  by  constant  exi)erience  to  associate  always  and  only 
with  a  substance  called  protoplasm.  Huxley  long  ago  called 
protoplasm,  therefore,  the  physical  basis  of  hfe. 

But  protopliusm  we  have  found  to  be  a  complex  of  substances 
or  chemical  oom|x)unds.  Of  these,  a  certain  few  are  indispen- 
sable and  fundamental,  while  others  may  be  al)sent  or  present 
without  affecting  the  particular  capacities  which  make  proto- 
plasm the  physical  basis  of  life.  This  protoplasm  too  must  be 
organized  in  a  particular  way  in  order  that  life  may  persist  in 
the  organism.     It  must  appear  in  two  conditions,  and  proto- 
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plasmic  stuff  representing  these  two  conditions  must  be  disposed 
in  certain  definite  relations.  Protoplasm  must  occur  as  a  cell 
or  cells  to  be  capable  of  performing  the  necessary  activities  of 
life.  Hence  we  must  consider  at  the  very  beginning  of  any  dis- 
cussion of  life  the  two  things,  protoplasm  and  the  cell. 

The  elements  that  compose  protoplasm  are  the  familiar  ones, 
carbon,  nitrogen,  hydrogen,  oxygen,  sulphm*,  phosphorus, 
potassium,  sodium,  etc.;  but  these  elements,  or  some  of  them, 
arc  found  in  protoplasmic  cells  in  certain  complex  combinations 
which  arc  not  found  elsewhere  in  natiu*e,  and  which  therefore 
actually  and  absolutely  distinguish  chemically  living  proto- 
plasm from  all  lifeless  matter.  These  particular  combinations 
are  certain  albuminous  compounds  or  proteids,  composed  of 
C,  H,  O,  N,  and  S,  and  their  complexity  is  extreme:  the  atoms 
in  a  single  molecule  often  number  more  than  a  thousand.  The 
molecules  also  are  very  large,  which  is  probably  the  reason  of 
their  cliaractcristic  nondiffusibility  through  animal  membranes 
or  artificial  parchment. 

In  a<ldition  to  these  characteristic  albuminous  com|X)unds 
and  varioiLS  derivatives  of  them,  protoplasm  usually  contains 
certain  native  albumins  and  certain  other  characteristic  com- 
pounds known  as  carl)ohydrates  and  fats  (which  differ  essen- 
tially from  the  albuminous  substances  in  lacking  nitrogen  as  a 
comjKxsing  element).  There  are  also  various  salts  and  gases 
and  always  water  to  l>e  found  in  living  substances.  Water  is 
absolutely  necessary  to  the  physical  condition  of  half  fluidity 
which  gives  to  protoplasm  its  essential  capacity  for  motion  on 
it.«elf.  The  commoner  salts  found  in  living  substances  are 
comix)unds  of  chlorine  as  well  as  the  carbonates,  sulphates,  and 
phosphates  of  th(^  alkalies  and  alkali  earths,  especially  common 
salt  (scKiiuni  chloride),  ]K)tassium  chloride,  ammonium  chloride, 
and  the  carlMJuates,  sulphides,  and  sulphates  of  sodium,  }X)tas- 
sium,  magnesium,  ammonium,  and  calcium.  The  gases  found 
in  living  matter  are  oxygon  and  carbon  dioxide.  Those,  when 
not  in  chemical  combination,  are  almost  always  dissolved  in 
water,  although  rarely  they  may  Ix;  in  the  form  of  gas  bubbles. 

To  .snm  up  the  relation  of  living  matter  to  chemistry  we  may 
say  tluit  life  is  always  associated  with  protoplasm,  and  that  this 
firotoplasm  is  made  up  of  a  few  familiar  inorganic?  elements, 
particularly  those  of  lowest  atomic  weight;  that  it  does  not 
include  any  special  so-called  vital  or  life  (dement,  that  is,  any 
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elementary  substance  other  than  occurs  in  the  inorganic  world. 
These  elements  are  combined  in  protoplasm  into  certain  most 
extremely  complex  compounds,  which  are  always  present  where 
life  is,  and  never  elsewhere,  and  hence  the  essential  chemical 
characteristic  of  living  matter  is  the  presence  of  these  complex 
as  yet  unanalyzed,  albuminous  compounds. 

It  is  obvious  that  this  chemical  half-knowledge  of  proto- 
plasm makes  no  satisfying  revelation  to  us  explanatory  of  the 
qualities  of  this  life  stuff.  How  is  it  then  with  the  physical 
structure  of  protoplasm?  We  know  that  many  simple  chemical 
substances  put  together  in  particular  physical  relationship  to 
each  other  will  give  a  capacity  of  performance  or  function  quite 
different  from  and  beyond  that  which  they  possess  when  simply 
brought  together  without  definite  order  or  arrangement.  Is 
protoplasm  a  machine  with  a  capacity  for  doing  extraordi- 
nary things,  with  its  powers  due  primarily  to  its  physical 
make-up?  Unfortunately  we  have  no  satisfying  answer  to  this 
question.  While  chemists  are  balked  in  their  analysis  of  the 
protoplasmic  make-up  by  the  complexity  of  the  compounds 
they  meet,  a  complexity  too  much  for  their  present  technic  to 
resolve,  physicists  arc  similarly  balked  in  their  attempt  to  re- 
solv^e  and  expose  the  ultimate  physical  structure  of  protoplasm. 

This  ultimate  structure  of  protoplasm  is  ultramicroscopic, 
and  its  study  is  checked  by  the  limitations  of  microscopes. 
When  we  examine  protoplasm  with  the  highest  powers  of  the 
microscope  we  see  plainly  that  it  is  not  as  it  appears  under  lower 
powers,  structureless  and  homogeneous.  On  the  contrary  it 
reveals  an  apparent  granular  or  fibrillar  or  alveolar  or  reticu- 
lar structure.  We  find  that  protoplasm  varies  in  its  physical 
make-up  at  different  times  or  in  different  cells.  We  also  find 
that  the  difficulties  of  interpreting  just  what  one  sees  when  using 
the  highest  microscopic  powers  make  it  impossible  to  be  really 
certain  of  understanding  what  is  seen.  But  however  various 
our  interpretations  of  the  finer  structure  of  protoplasm,  they 
agree  that  any  bit  of  protoplasm  is  a  viscous  colloidal  mass 
composed  of  at  least  two  substances  of  somewhat  different  phys- 
ical make-up.  One  of  these  substances  is  evidently  denser  than 
the  other  and  is  arranged  in  the  form  of  grains,  rods,  threads, 
or  droplets  scattered  tiirough  a  groimd  mass.  Concerning  this 
dimorphi(5  condition  of  protophism  practically  all  biologists  are 
agreed.    The  names,  hyaloj)lasm,  paraplasm,  or  others  of  sim- 
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Ubt  dgnificsDce  are  applied  to  the  viscous  hyaline  ground 
substance,  while  the  denser  parts  are  variously  called  micro- 
somes, granules,  fibrils,  spongio plasm,  etc. 

The  important  part  of  all  this  is  the  fact  that  all  the  biologists 
are  not  agreed  on  any  certain  kind  of  intimate  structure  of 


Tta.  16. — DiScreDt  typ«a  of  cells  coi 
d^vclufied  uiiirul :  A.  liver  etll 
.1.  with  «Tiftll  pmrt  of 
t;  F,  Lizdn(  of  tho  iriiii]pip«; 


protoplasm  as  revealed  by  the  highest  powers  of  the  inirrosrojM', 
but  they  all  agree  that  there  is  a  fine  and  real  structural  orRuu- 
izarioii  of  what  at  first  glance  apix-ars  to  be  lioiuofjencous 
structureless  hfe  stuff.  That  is,  as  Drlage  cxpresHcs  it,  it  is  sinn 
that  protoplasm  is  not  simply  an  organic  chemical  compound, 
but  that  it  is  an  organized  substance:  that  is,  it  possesses  a 
structure  of  a  higher  order  than  the  automat  i(;  Htnicturo  of  tliosi; 
rhemirai  molecules  which  cOm|H>se  non-living  no-railed  orpmic 
suhetancea.     But  at  the  same  time  we  arc  deceived  if  wc  cxjiect 
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to  be  able  to  find  in  this  physical  organization  of  protoplasm 

any  eatiafactory  explanation  of  its  wonderful  properties. 

We  have  said  that  it  should  always  be  held  clearly  in  mind 
that  the  full  life  capacity  of  protoplasm  is  realized  only  when  it 
is  in  that  differentiated  and  organized  condition  typical  of  the 
structural  unit  or  cell.  The  essential  thing  about  the  cell  is 
not  that  it  has  a  definite  shape  or  size  or  that  it  is  truly  celt-  or 
saclike,  but  that  it  is  a  tiny  mass  of  protoplasm  with  various 


Ktibstanccs  Rorrclcd  by  or  held  in  it.  The  protoplasm  itself  is 
differentiated  into  ;it  le;i.st  two  parts,  an  inner,  denser,  smaller 
I)art  ealled  tlie  nucleii.-;.  and  an  outer  surrounding,  usually  larger, 
jKirlioii  called  (he  cytoplasm.  Hiii-h  a  differentiated  or  organized 
protoplasmic  unit  can  jicrform  all  of  the  e.s.scntial  fimclions  of  life 
and  i>prsist  in  tliis  jKTfurniancc  indefinitely  unless  destroyed  by 
extrinsic  causes.  TJic  cell  itself  may  not  have  any  indefinite 
existence  a.s  a  unit,  but  it  will  Ik>  the  [>rogenitor  of  an  indefi- 
nitely jirolonstnl  scries  of  cells.  A  single  (lart  of  this  cell,  that  is, 
a  bit  of  protoplasm  either  of  the  nucleus  or  the  cytoplasm,  or  the 
whole  of  either  can  [wrforni  for  a  wliilc  most  of  the  activities  of 
life;  but  such  a  i>art  always  lacks  the  capacity  for  reproduction, 
that  is,  for  iH.Tsistcnuc  as  living  matter.     Thus  it  is  obvious  that 
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if  such  protoplasmic  cells,  composed  of  nucleus  and  cytoplasm, 
exist  singly  they  form  living  units.  And  we  have  actual  ex- 
emplifications of  this  condition  in  the  structure  and  life  of  the 
simplest  organism. 

The  simplest  organisms  are  independently  living,  single  proto- 
plasmic cells  (Figs.  lC-21).     There  are  thousands  of  kinds  of 


these  single-rolled  organisms  recognizably  different  by  chamc- 
teristic-s  of  shajH^  and  hIko,  liabit  and  lialiitat.  We  try  to  disliii- 
gnish  tlioin  as  single-cdied  animals  (I'rotozoa)  and  single-celled 
plants  (l'n)toi>liyta).  on  tlic  biisis  of  alleged  differences  in  their 
habit  of  food-taking  anil  gi-ncrul  mitrilion.  This  distinction  is 
oflcn  most  arliitrarily  made,  and  botanists  and  zoologists  are 
constantly  claiming  the  same  organisms  as  belonging  to  their 
resiwclivo  fields  of  study.  Many  naturalists,  conspicuously 
Haeckel,  have  repeatedly  Rugg«'sted  the  convenience  and  even 
the  nccessily  of  grouping  most  of  these  imicellular  organisms 
into  a  phylum  or  kingdom  to  be  called  the  Protista,  the  members 
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of  which  shall  not  be  recognized  as  sufficiently  specialized  to  be 
called  either  j^nts  or  animals,  but  dniply  organisms.  But 
this  suggestion  seems  to  meet  with  little  practical  favor  from 
students  of  systematic  biology. 

For  a  basis,  therefore,  of  any  study  of  the  evolution  of  life, 
an  acquaintanceship  with  the  life  and  struc- 
ture of  the  simplest  organisms  is  a  necessity. 
As  tlie  authors  have  already  tried  in  another 
lKK>k  ("Animal  Life")  to  present  a  simple 
accoimt  of  this  life  together  with  an  account  #  A  T 

of  certain  leas  simple  or  slightly  complex  or-  M  ^'X 

ganisms  (Figs.  22-26)  whose  physiology  and 
structure  reveal  successive  stages  in  organic  I--*' 

comploxityandspecialization,and  as  the  space 
in  this  book  is  limited,  the  authors  must 
refer  their  present  readers  to  chapters  I,  II, 
and  III  of  "Animal  Life"  for  an  account 
of  Die  life  of  the  simplest  and  slightly  com- 
plex organi.ims. 

The  differentiation  and  growing  com- 
plexity of  the  body  of  those  many-celled 
animals  whirh  differ  from  and  arc,  wc  may 
Kiy,  l)oynnd  and  higher  than  the  simple  many- 
cclle<i  forms,  are  by  no  means  always  along 
the  same  Hne  (Figs.  27-37).  It  is  familiar 
knowledge  that  animals  can  be  classified  or 
grnu[)c<l  into  a  number  of  great  divisions  '"'"  ^  —I'lTam-r- 
calkni  branches  or  phyla.  For  example,  the  l'^^"  °^j  ,],p„  „ 
starfishes,  sea  urchins,  sea  cuciimljers,  etc.,  n  cinmriiio  vac- 
constituto  one  phylum,  the  Echinodcrmata ;  "■'''  ""'  '"  "'" 
the  rruslaoeans,  insects,  spiders,  etc.,  con-  ,in  ..mj,,  ',v(icr 
xtitute  another  phylum,  the  Artbropoda, and  \crwutn) 
all  tlie  animals  with  a  backixtne  or  with  a 
nnlm-biird  constitute  anotlier,  the  rh()r<iata.  Now  for  each 
n{  thofle  i)hj'la  there  is  a  fundamental  or  tyim  structure  (Fig. 
27).  All  of  the  Echinodermata,  for  exaniplo,  are  Iniilt  on  the 
radiate  plan.  They  recall  the  starfish  with  its  five  or  more 
arms  radiating  from  a  central  disk.  Tlie  Arthropods  arc  all 
animals  with  a  body  composed  fundamentally  of  a  series  of 
^upcessive  segments,  some  or  nil  of  these  segments  bearing 
pairs  of  jointed  appendages;  and  so  on.     We  need  not  pursue 


EVOLUTION  AND  ANIMAL  LIFE 


Kroiiprtl  inlo  l\vi>  rcnimis  and 
(lie  :i|i[i<'ii<Iitg<'s  liiiiiU'il  to 
the  uii((Ti(ir  OMO  ()f  tltrsc 
two.  The  Myri;i])n(la,  ivliich 
arc  also  Artliro|>(»ds,  have  a 
structure  more  in  I'onforniily 
with  wluit  may  Ix;  called  the 
racial  or  tyjiical  plan  for  Ihc 
whole  phylum;  that  is,  the 
lioily  is  made  up  of  a  sericti 
of  many  successive  similar 
segments,  eacli  scEiiient  hear- 
inj;  a  pair  of  jointed  aj)- 
[lendaKcs.  In  that  general 
line  of  descent  fo  which 
man  Ix^lonRs,  and  which  is 
distinguished  by  the  name 
of  the  phylum  Chordata, 
there  are  of  course  various 
subordinate  lines  which  wo 
recognize    under    the   nanicij 


further  the  general  clasHifi- 
cation  of  animals  into  phy- 
la. Nor  need  we  explain 
in  any  detail  the  structural 
types  or  fundamental  struc- 
tural plans  which  distin- 
guish the  various  principal 
hnes  of  descent  in  the 
animal  kmgdoni 

Branching  out  from  each 
of  the  pnncipal  lines  arc 
hosts  of  subordinate  lines. 
Some  of  the  Arthropods,  as 
the  msetts  have  their  body 
segments  grouped  into  three 
regions  and  their  jointed 
appendages  coniincd  to  the 
anterior  two  of  these  re- 
gions Others  as  the  spiders, 
ha\e    the     body    segments 
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of     fishes,     amphibians,     reptiles, 
birds,  and  mammals. 

In  all  the  Bubdivisions  of  the 
main  groups  there  are  also  to  be 
recognized  differentiated  and  di- 
vergent leaser  lines  of  descent,  and 
within  these  still  lesser  ones. 
While,  as  already  noted,  the  main 
divitilons  of  the  animal  kingdom 
are  called  phyla  and  the  divisions 
of  the  phyla,  claaseB,  the  subdi- 
visions of  the  classes  are  usually 
called  orders.  The  next  subdi- 
vision is  that  into  families,  each 
in.  turn  being  a  cluster  of  genera. 

Tlie  g4-nera  are  composed  of  species  and  the  siiecieH  finally  of 
8ub-s|>ecies,  varieties,  and  individuals.  Each  one  of  these 
names  refers  pri- 
marily to  a  special 
line  or  mode  of 
differentiation  and 
at  the  Kanie  time 
refers  to  the  fact 
that  the  members 
of  each  of  these 
differentiated 
groups  arc  genet- 
ically related  to 
each  other,  that 
is,  related  by 
bloml,  by  actual 
auciwtnil  (lescenl. 
All  thcNC  diftcr- 
entiatf^d  x'"<*<'["' 
indicate  divcrRing 
lines  of  evoluliun, 
some  of  them 
sliort,  and  bnt 
■f  i>"iyj>.  //Hrf™  nigarii:  A.  in  n-    slightly   divergent 

mi  r'Wctition  and  in  conlraclod  nHitlilioni  B.  cr.™      fi-y,,,  "  {],(.      nillin 
iiiu  ul  lioily,  iibuwiiii  the  l«o  Uyen  ol  lelln  wUirli      ,.  ,  ,  .    , 

IB  up  tba  Indy  wall.  hne     froiu     which 
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tliey  arise;  otliers,  on  tlie  contrary,  long,  important,  and  widely  ' 
divergent. 

The  traditional  tree  which  is  drawn  to  explain  animal 
claasifieation  illustrates  at  the  same  time  the  two  fundaiiieiilul 
facts  upon  which  this  classification  is 
based,  namely,  differentiation  of  struc- 
ture, and  corresponding  divergence  of 
descent.  All  the  brandies  of  this  gene- 
alogical tree  lead  back,  as  they  do  in  a 
real  tree,  to  its  trunk,  and  the  trunk 
of  this  tree  springs  from  the  simplest  of 
the  many- eel  led  animals,  namely,  from 
those  primitive  forms  which  resemble  in 
essential    characters    animals    like    the 
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simpler  polyps.  Indeed  it  seems  certain  that  this  tree  trunk 
can  be  traced  farther  back;  that  it  must  spring  in  the  begin- 
ning from  forms  essentially  like  the  lowest  organisms  that  we 
know  to-day,  namely,  single,  simple  cells  living  indei)endently. 
From  the  Annrba  to  Man;  that  is  the  history  of  descent,  or 
ascent  if  one  prefers.  The  course  has  been  a  eonlinuouB  one. 
both  in  point  of  time  and  in  point  of  gradual  transformatiDn. 
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But  ETi'at  perKMis  of  this  lime  are  sliut  away  fniin  lis  wilhoiit 
rpconl  of  their  duration,  and  lunf;  series  i)f  tlic  ^riLdiially 
rhaiieinfc  foniis  are  lost  to  us  witliont  hi>i«'  of  discovery.  And 
yr-t  in  itH  lar^e  oiitlinea  we  know  the  liistory  of  all  this  time 
and  the  character  of  all  tlicse  graded  nerii'ri. 
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We  should  give  at  least  brief  attention  to  what  may  be  c 
the  priinstry,  or  necessary,  ciirtditioiis  of  life.  We  know  that 
fishes  cannot  live  very  long  out  of  water  and  that  hirds  ranont 
live  in  water.  These,  however,  are  conditiotis  which  de()eiid  on 
the  »i>feial  erologifral  habits  of  tlie«e  two  partieiilar  kinda  of 
animals.  The  necessity  of  a  eonstaiit  and  sultirieiit  mip|»ly  nf 
oxygen  is  a  necessity  eomnion  to  l>oth.  It  is  one  of  the  primary 
eomlitions  of  their  life.  All  animals  must  have  air.  ^Jniilatty 
both  fishus  and  birds  oud  all  other  aniinaU  must  huvc  fuml. 
This,  then,  is 
other  of  the 
mary  conditions  of 
animal  life. 

If  water  Iw  lu-M 
not  to  he  included 
in  Die  gctH^ra]  w 
eeption  of  fooi 
then  special  mi-jw 
tioii  riiitst  l>c  ntado 
of  the  neceieuty  of 
water  as  one  of 
the  primary  condi- 
tions of  life.  I*nit<»- 
pla.sm,  the  ba.sis  of  life,  in  a  fluid,  allhnngli  thick  and  visrouK. 
To  be  fluid  Its  eomj>onents  must  be  dissolved  or  anspend«l  in 
water.  In  faet.all  of  the  really  living  substance  in  tin  nninial's 
Ixxly  contains  water.  This  water,  so  neci-ssary  for  the  animal, 
may  be  derived  from  the  general  food,  all  of  which  eoiit-aiiis 
water  in  greater  or  less  quantity,  or  it  may  be  taken  a|>art  from 
the  other  food  Ijy  drinking  or  by  absorption  through  the  skin. 
We  know,  too,  that  if  the  temperature  is  Itelow  a  certain 
mininmiii  |>oint  or  above  a  certain  ma.\imum.  these  jmints  var>-- 
ing  for  different  animals,  death  takis  tlie  plnee  of  life.  It  is 
familiar  knowk-dge  that  many  animals  can  bo  frozen  without 
lieing  killed.  Insects  and  other  smull  animals  may  lie  frozen 
through  winter  and  resume  active  life  again  in  the  spring.  An 
experimenter  kept  certain  fishes  fniisen  in  blocks  of  i(»  at  a  tem- 
IHiratnre  of  — 15"  C.  for  some  time  and  then  gradually  thaweil 
them  out  unhurt.  There  is  no  doubt  that  every  part  of  the 
Ixxly,  all  of  the  living  substance,  of  these  fish  was  frosim,  for 
spceinicits  at  this  temperature  could  lie  broken  and  pounded  up 


— Thp  fi.l.l 


rr..  ITS  PHYSICAL  BASIS   AND  SLMPI.KWT   EXPRKSSIDN   AQ 

intn  finp  ipy  jiowder.  But  a  toiiiijeraturp  n(  -20*  C.  killtil  the 
fish.  AcwriJiiifi  to  L,  J.  TurntT,  tlic  Alaska  miid-fisli  (Dullin), 
was  fed  fri)/en  to  Esquimaux  dogs.  One  of  these  thawing  in 
1  or  the  animal  made  its  csfai>e  alive.  I'Vojrs  lived 
;  kejit  at  a  tomiwraHire  of   -2N°  C.  cpniipedes,  at 


leitipiTutiirv  of  — ."jU°  ('.,  mid  eertain  situil.-^  enduird  a  teLii|iera- 

-  lL'(l°r.  without  dyin){. 

Al  tilt"  other  pxtrpnip,  InHtani'i'K  itre  kiinwn  of  iinliiijils  living 

r  (hot  spriTi^  or  water  ^adually  hcatcfl  wiili  the  orgiin- 

2  it)  of  a  tnmpnraturp  as  hi^h  as  .W  G.    lilxjtcriincnta  with 

p  iihow  llmt  ihest;  sinipjpHt  animals  Dontract  and  cpaso 

tre  moiion  al  Xi"  C,  but  an.-  not  kiilHl  until  a  temi>erature 

""f  to  6(1°  C.  18  reached. 

1  in  pressure  of  I  lie  jitinosj there   iilso   cf)ii»Litute 


\ta  surfuco  of  fiftopii  pounds.  That  is,  all  animals  living  on  the  I 
rarth'fl  surfni!0  or  iic^r  it  live  iimior  tliis  prcseurc  anil  underl 
no  otlicr  voiiditiott.  The  animals  that  live  in  water,  liowcvpr^-f 
sustain  a  much  gri'utpr  pressnrr,  this  prpssurc  increasing  witbl 
distanco.  Certain  ocean  fislie«  live  habitually  in  great  depths,  atf 
from  two  to  nearly  five  mill's,  where  the  pressure  is  eqiiivslent  to  I 
that  of  many  Imndrpd  atmoHphert^.  If  these  fishes  we  hmiighiV 
to  the  surfaee  their  eyes  bulfip  nut,  their  scaleH  fall  off  Ijccaiiaai 
of  the  Kreat  cxpanHc  of  lln-  skin,  anil  Ihe  stomaeh  is  thnwtl 
wrong  aide  uut.     Iinleed  ilic  ho.ly  itself  sometimes  bureU.     Onl 


LIFE,  ITS  PHYSICAL  BASK  AND  SIMPLEST  EXPRESSION    41 

the  other  hand  if  an  animal  which  lives  normally  on  the  surface 
of  the  earth  is  taken  up  a  verj'  high  mountain  or  is  carried  up  in 
a  balloon  to  a  great  altitude  where  the  pressure  of  the  atmos- 
phere is  much  less  than  at  the  earth's  surface,  serious  conse- 
quences may  ensue,  and  if  too  high  an  altitude  is  reached,  death 
occurs. 

Some  animals  require  certain  organic  salts  or  compounds 
of  lime  to  form  bones  or  shells,  etc.  These  salts  may  be  re^ 
garded  as  necessary  articles  of  nutrition,  though  their  function 
is  not  that  of  ordinary  footl.  These  are  peculiar  demands  of 
special  kinds  of  animals.  There  might  also  be  included  among 
primary  life  conditions  such  necessities  as  the  light  and  heat  of 
the  sun,  the  action  of  gravitation,  and  other  physical  conditions 


■  )v*lle,  Ergalf  b|) 


without  which  existence  nf  life  of  any  kiiul  wmild  !"■  ini)>i>ssiljli' 
on  this  earth. 

Finally  we  may  refer  briefly  to  the  "uraiul  ])r.>l>lcnr' of  llie 
origin  of  hfe  itself.  Any  treatment  of  this  (|iifstii>n  is  Ixiunii  to 
he  wholly  theoretical.  We  do  not  know  it  sin^If  positive  tliinjj 
about  it.     We  have  some  negative  evidence.     That  i.*;,  we  have 
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no  recorded  instance— and  men  have  searched  diligently  for 
exaniples — of  spontaneous  generation.  No  proloplasiu  lias 
been  seen,  or  otherwise  proved,  to  coine  into  existence  except 
through  tlie  agency  of  already  existing  protojilasni.  All  life 
comes  from  life.  All  I  hose  former  beliefs  of  spont-aneou^ 
appearance  of  bees  from  the  carcasses  of  oxen,  fUea  from 
decaying  flesh,  hair  wonn-t 
h  ,  from    horse    tail    hairs    in 

water  troughs,  and  baetcria 
and  infusoria  in  infusiniu; 
of  beef  or  hay  have  l>wn 
shown  on  scientific  investi- 
gation to  lie  utterly  wiih- 
out  bajfis  of  fact. 

But  if  protoplasm  and 
life  do  not  appear,  are  not 
being  generated  B{Mintan^ 
ously  in  this  earth  epoch, 
may  they  not  have  Ix^n 
in  earlier  ages?  (JeologiBts 
and  hio!ogis(.i  attempt  in 
explain  most  of  the  things 
that  happi'ned  in  parlier 
geologic  ages  by  what  they 
iiltserve  to  be  hapiiening 
now.  They  would  answer^ 
on  tliis  basis,  tliat  what 
Fro.  3'.:  — AFTiilian  or  wa  rmuiri.  evidence     We      now     have 

should  lead  us  to  b(<jie\'« 
that  the  generation  of  life  has  never  oeeurre<l.  Hut  thrre  n 
have  been  a  l>eginning.  Life  has  not  always  been.  Tli^  ac- 
cepted geological  theory  of  the  making  of  our  earth  precludes 
the  oxistencp  of  life  on  it  until  the  globe  was  c(mi1  enough  for 
organisms  to  exist.  We  know  that  there  is  a  maximum  of 
lemperatiu^  beyond  which  protoplasm  inevitably  coagulates. 
When  and  where  was  this  lieginning  of  life?  Tiie  biologist  can- 
not admit  spontaneous  generation  in  the  face  of  the  scienlJfiQ 
evidence  he  has.  On  the  other  hand  he  has  difficulty  in  under- 
standing how  life  could  have  originated  in  any  other  way  thaa 
through  some  sort  of  transformation  fmtii  inorganic  matter. 
As  a  matter  of  curiosity  we  may  glance  at  a  few  of  the 


i-TI    »v^»'    LITE 
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I  Ktlvin's 


lIiMjry  llml  living  subfiianL-e  was  brought  to  this  eartii  from 
(vlralial  regions  by  mctmritcH.  A  rooro  acreptalile  theory  U 
that  at  jmmc  carlirrgcohigir  age  the  romlK ions  u^  earth,  attnos- 
l>\wri;  temperature,  etc.,  were  at  odc  time  of  auch  a  favorable 
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alre&ciy  indicated  that  tlie  prtidut'tion  of  such  compounds  wotu 
not  necessarily  be  the  production  of  protoplasm.  What  of  the 
complex  definitive  physical  organization  of  protoplasm  on 
which  we  predicate  so  much  of  its  cajiacity? 

Tlie  botanist  SchafTliausen  believes  that  water,  air,  and  the 
necessary  mineral  substances  have  been  directly  combined  under 
the  influences  of  life  ami  hont  and  have  eiven    Mrtli   tn  iici 


uncolored  protococcus  which  next  became  Protococcus  viridig. 
Delage  asks:  *'  If  the  thing  is  so  simple  why  does  not  the  author 
produce  one  of  these  protococci  in  his  laboratory?  On  hit  Imtil 
gr&ce  de  hi  chloropkylU!  "  Nagcli  holds  that  when  the  albumi- 
nous compounds  had  their  birth  in  an  aqueous  liquid,  as  they 
were  not  soluble  in  water,  they  were  precipitated.  This  pre- 
cipitate was  formed  of  minufe  particles,  a  sort  of  crystal  which 
he  calls  micellffi.  Tliese  micella;  are  the  materials  from  which 
organisms  wore  formed.  An  inorganic  crjstal  deixwitini  in  a 
saturated  solution  of  the  siime  nature  determines  a  dejKisit 
oil  its  surface  in  the  form  of  liny  crystals,  by  which  meonii  it 
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increases  in  size.  In  the  same  way,  when  some  of  these  albu- 
minous micellae  are  formed  anywhere,  they  facilitate  further 
precipitation  within  their  sphere  of  influence  in  such  a  way  that 
the  formation  of  other  micellae,  instead  of  going  on  uniformly 
in  the  liquid  mass,  is  localized  at  certain  points.  Thus  are 
found  aggregates  of  an  albuminous  nature  which  constitute  the 
primitive  protoplasm.  This  is  Niigeli's  suggestion,  and  Niigeli 
is  one  of  the  most  thoughtful  biologists  who  has  ever  lived ! 

Granting  that  protoplasm  must  have  had  a  natural,  spon- 
taneous beginning  on  this  earth,  being  neither  brought  to  it 
from  other  worlds  nor  created  extranaturally  on  this  world, 
biologists  indulge  in  some  speculations  as  to  the  probable 
whereabouts  of  this  first  appearance  of  life,  and  as  to  whether 
living  substance  was  formed  spontaneously  but  once  only  or 
s<»veral  times,  and  perha|)s  in  several  places.  It  is  not  necessafv 
here  to  follow  up  such  speculations.  The  only  one  of  them  with 
any  scientific  evidence  at  all  for  it  is  the  theory  that  life  began 
at  the  poles  or  perhaps  particularly  at  tlie  north  pole.  Th(» 
evidence  for  this  is  based,  first,  on  the  fact  that  in  accordance 
with  the  cosmic  theory  of  world  evolution,  the  poles  of  the 
earth  must  have  l)een  first  in  a  condition  under  wliich  life  might 
exist,  and,  second,  on  facts  revealed  l)v  the  study  of  the  geo- 
graphical  distribution  of  living  and  fossil  organisms.  TIktc 
seems  to  be  some  slight  scientific  foundation  for  the  elaim  that 
the  first  organisms  Hved  in  iK)lar  regions. 


CHAPTER  IV 
FACTORS  AND  MECHANISM    OF  EVOLUTION 

Even  in  the  latest  and  maturest  formulations  of  scientific  research, 
the  dramatic  tone  is  never  lost.  The  causes  at  work  are  conceived 
in  a  highly  impersonal  way,  but  hitherto  no  science  has  been  content 
to  do  its  work  in  terms  of  inert  magnitude  alone.  Activity  continues 
to  be  imputed  to  the  phenomena  with  which  science  deals,  and  activity 
is,  of  course,  not  a  fact  of  observation  but  is  imputed  to  the  phenomena 
l)y  the  observer.  Epistemologically  speaking,  activity  is  imputed  to 
phenomena  for  tli(^  purpose  of  organizing  them  into  a  dramatically 
consistent  system." — Thorstein  Veblen. 

Thkhh  is  to-(h\y  no  doubt  in  our  minds  of  the  truth,  the 
actuality,  of  descent.     It  is  not  the  theory  of  descent:  it  is  the 
fact,  tlie  law.  of  dc^scent,  of  which  we  talk  and  write.     Organ- 
isms are  hlood-rolated:  they  are  transformed,  descended  from 
one  anotlior.     Tliis,  which  is  the  common  knowledge  of  present- 
day  ])ost-l)arwinian  science,  was  the  belief  of  many  naturalists 
even  before  the  days  of  Darwin.     "From  the  Greeks  to  Darwin  " 
was  n(»t  all  darkness  nor  complete  freedom  from  taint  of  the 
"pernicious  evohition   doctrine."      Goethe,  Erasmus  Darwin. 
Eaniarck,  to  mention  only  familiar  names,  were  evolutionists: 
ih(\v  believed  in  the  transmutation  of  sfKJcies,  believed  in  descent. 
Rut  it  was  Darwin  who  gave  the  waiting  naturalists  substantial 
and  satisfactory  reasons  for  the  Miefs  that  were  in  them;  who 
gave  them  strength  to  have  the  courage  of  their  convictions. 

Whil(*  Darwinism,  in  our  present-day  use  of  the  name,  is 
not  svnonvmous  witli  descent  and  evolution,  but  is  the  name 
of  a  causomechanical  explanation  of  it,  or  a  group  of  causal 
factors,  yet  it  might  justifiably  l>e  more  broadly  used,  and  held 
still  to  mean,  what  it  certainly  did  to  the  world  generally  for  a 
good  many  years  after  the  "Origin  of  Species"  appeared,  the 
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general  theory  of  organic  evolution  and  the  particular  doctrine 
of  the  descent  of  man  from  the  lower  animals.  For  it  was 
Dar^'in  who  really  proved  these  things  to  be  realities.  But  in 
biology  to-day  Darwinism  is  the  name  which  refers  to  certain 
particular  causal  factors  or  determining  agents  in  the  actual 
production  and  control  of  the  transmutation  of  species  and  the 
progress  and  direction  of  the  lines  of  descent.  And  the  modem 
scientific  adverse  criticism  of  Darwinism  which  is  beginning  to 
find  its  echoes  in  popular  literature  must  never  be  mistaken  to  be 
disparagement  or  adverse  criticism  of  the  doctrine  of  descent, 
the  law  of  organic  evolution.  So  we  are  not  in  this  book  dis- 
cussing the  probabilities  of  the  truth  or  untruth  of  evolution 
nor  presenting  evidences  or  argument  to  justify  a  belief  in  the 
doctrine.  As  the  days  have  long  passed  when  the  shape  of  the 
earth,  or  the  behavior  of  the  members  of  the  solar  system, 
was  a  fit  subject  for  debate,  so  the  days  are  now  by  when  the 
truth  or  falsity  of  the  law  of  organic  descent  is  a  debatable 
thesis.  The  earth  is  subspherical,  the  planets  revolve  about 
the  sun,  and  species  of  organisms  descend  from  other  species. 

But  in  what  particular  way,  or  as  the  eflfect  of  what  particular 
causal  factors,  this  descent  or  transformation  of  species,  that  is, 
kiiKls  of  organisuKS,  comes  about, — here  there  is  unlimited  field 
for  debate  and  |X)leniic,  for  hypothesis  and  investigation,  for 
(ittiuction  and  determination.  It  is  the  factors  of  organic 
evolution,  the  factors  of  each  of  the  particular  phiises  or  aspects 
of  evolution  phenomena,  that  are  the  subject  of  present-day 
biological  study  and  discussion.  The  mechanism  and  method 
of  evolution  is  a  subject,  with  its  score  of  moot  questions,  its 
enormous  opj)ortunity  and  inspiration,  for  fact  gathering,  fact 
arranging,  and  fact  interpreting.  So  in  biological  science  to- 
day, no  less  but  even  more  than  in  those  first  exciting  days 
after  the  "Origin  of  Species,"  the  subject  and  problems  of 
evolution  are  the  inspiriting  and  absorbing  matters  which  chiefly 
oc«Mipy  the  attention  of  biologists.  What  these  factors  are  that 
conijiose  the  chief  subject  of  present-day  evolution  study  and 
di.scussion  may  Ik*  summarily  set  out  in  the  present  chapter. 

In  the  first  place  it  is  obvious  that  there  can  be  no  transfor- 
mation or  change  of  species  unless  there  is  an  ever-present  actual 
variation.  By  variation  is  simply  meant,  in  the  larger  sense, 
that  no  two  individual  organisms  in  the  world,  nor  for  that 
matter  any  two  that  have  ever  been  in  the  world,  are  exactly 
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alike.  Tliis  refers  not  only  to  individuals  of  different  species 
of  plants  and  animals,  but  to  individuals  of  the  same  species 
and  even  (and  this  in  a  way  is  most  important  of  all)  to  indi- 
viduals born  of  the  same  parents.  It  is  indeed  this  last  condi- 
tion that  is  the  actual  basis  and  fundamental  beginning  for 
s|)ecies  change.  That  this  variation  does  exist  is  absolute  fact, 
and  there  is  no  discussion  of  it. 

To  what  extent  or  degree,  what  parts  of  an  organism  are 
chiefly  aflfecte<l,  whether  or  no  this  variation  shows  a  regularity 
in  its  occurrence  or  a  detemiinatencss  of  tendency  or  direction, 
whether  or  no  this  variation  is  based  on  inheritance  and  if  so 
in  what  degree  of  similarity  or  identity — all  these  and  a  dozen 
other  questions  are  the  moot  problems  in  connection  \^ith  the 
great  factor  variation.  These  are  undecided  things,  which 
means,  on  the  whole,  that  variation,  apart  from  the  observed 
and  admitted  actuality  of  the  occurrence,  is  itself  a  great 
evolution  problem. 

The  variation  alone,  however,  presumably  does  not  make 
new  s[)eci(\s  nor  maintain  lines  of  descent.  If  this  variation  is, 
as  it  seems  to  be,  almost  unlimited  in  its  range  of  appearance, 
then  as  species  are  of  definite  character  and  number  and  iis  lines 
of  descent  are  even  more  definite  and  more  Umited  as  to  numl)er, 
there  must  be  some*  factor  which  determines  what  kinds  or  Iimn< 
of  variation  may  or  shall  })ersist  and  what  shall  be  extinguisheii. 
Is  there  something:  incident  to  the  causes  of  variation  that 
deterinin(\s  what  lines  of  descent  shall  be  established  bv  it  or 
bas(Hl  ou  it,  or  is  there  some  added  factor  which,  having  no 
control  ()V(T  the  initial  ap|xjarance  of  variation,  has  al)solute 
control  over  its  p(»rsistence  and  headway?  Darwin's  factors  of 
selection,  more  particularly  natural  selection,  is  the  explanation 
of  this  control  offered  in  tlie  famous  ** Origin  of  Species."  And 
natural  selection  has  been  in  the  minds  of  biologists  until  to-<lay, 
at  least,  undoubtedlv  that  factor  in  evolution  which  has  IxH^n 
l)eli('V(Ml  to  hav(^  the  chief  control  in  the  forming  of  species  and 
the  direction  of  d(»scent  lin(*s. 

Hut  in  refereiKH*  to  this  particular  factor  three  schools  of 
biologists  have  gradually  grown  up;  namely,  first  the  school 
headed  bv  Weismann,  who  has  believed  and  contended  that 
natural  sc^lection  is  almost  the  onlv  factor  which,  on  a  basis  of 
fortuitr)us,  that  is,  uncontrolled,  variation,  has  produced  the 
species  and  lines  of  descent  as  we  know  them;  second,  the 
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school  which  holds  that  natural  selection  has  practically  nothing 
to  do  with  species-forming  but  only,  and  in  a  large  general  way, 
with  the  control  of  descent;  and,  third,  the  compromise  school, 
which  attributes  to  natural  selection  an  important  part  in  both 
species-forming  and  control  of  general  descent  lines,  but  recog- 
nizes the  simultaneous  existence  and  the  considerable  im- 
portance of  several  other  species-forming  and  descent-modifying 
factors.  In  addition  to  these  three  schools  one  must  note  that 
a  number  of  active  working  biologists  repudiate  the  factor  of 
natural  selection  entirely,  holding  it  to  be  a  vagary  and  an 
artifact  of  logic. 

Associated  with  natural  selection  in  the  general  theory  of 
selective  action  is  Darwin's  conception  of  sexual  selection.  This 
factor  was  presumed  by  Darwin  to  play  a  part  only  in  the  forma- 
tion and  control  of  those  often  very  obvious  but  never  well- 
understood  characteristics  of  a  secondary  sexual  character 
which  distinguish  the  sexes  in  many  species  of  animals.  liCt 
one  recall  these  characters  in  the  pea  fowl,  the  bird  of  paradise, 
the  pheasant,  some  of  the  butterflies,  the  lamellicorn  beetles, 
many  fishes,  and  so  on.  According  to  the  theory  of  sexual 
s<'Iecti(m  the  females  have  chosen  for  their  consorts  those  males 
lH»^t  endowed  by  variation  with  these  ornamental  character- 
istics, so  that  by  this  selection  there  has  come  about  a  gradual 
cunuihition  of  the  characteristics  culminating  in  such  bizarrerie 
as  wo  are  familiar  with  in  numerous  living  animals. 

The  word  selection  will  certainly  bring  to  the  mind  of  the 
readier  aUo  a  third  kind  of  selective  process,  namely,  that  called 
artificial  selection,  and  this  kind  of  selection  is,  of  course,  a 
factor,  and  an  important  one,  and  has  been  such  for  some  eighty 
centuries,  in  the  mmlification  of  plant  and  animal  forms.  But 
however  widely  differing  and  extraordinarily  modified  culti- 
vate<i  and  domesticated  kinds  of  animals  and  plants  may  be, 
tlu'se  different  kinds  are  not  looked  on  by  biologists  as  having  the 
validity,  that  is,  the  stabiHty  and  characteristics  of  origin,  that 
the  difTerent  species  of  animals  and  plants  found  in  nature  have. 

All  the  different  kinds  of  pigeons,  for  exaniph*,  are  known  to 
bo  due  primarily  to  the  artificial  modification  of  a  single  wihl 
kind,  the  rock  dove  of  Europe,  and  all  of  those  difTorent  artifi- 
cially pnKluced  kinds  agree  in  an  important  physiological  charac- 
tori.stic,  namely,  that  of  l)eing  able  to  niato  frooly  with  each  other 
and  with  their  common  ancestor.     As  this  physiological  char- 
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act  eristic  is  precisely  one  of  the  criteria  largely  used  in  deter- 
mining species  limits  in  natm*e,  naturalists  call  the  artificially 
produced  kinds  by  another  name  than  species;  they  call  them 
races  or  varieties,  meaning  by  this  to  indicate  obvious  struc- 
tural and  functional  differences.  Thus  artificial  selection,  while 
a  factor  in  determining  the  extent  and  character  of  the  modifi- 
cation of  many  kinds  of  animals  and  plants,  is  not  considered  a 
factor  in  the  determination  of  natural  lines  of  descent.  Its 
value  in  this  regard  lies  in  the  clew  it  gives  to  natiu'al  processes 
of  the  same  kind. 

Selection  by  nature  among  the  variations  which  appear  is 
made  possible  only  by  several  other  factors  or  actually  existent 
conditions.  One  is  the  "prodigality  of  production"  or  the 
constant  tendency  to  overpopulation  due  to  reproduction  by 
multipUcation  or  in  a  geometrically  progressive  ratio.  Every 
mature  female  or  hermaphroditic  plant  or  animal  produces, 
at  least  in  the  condition  of  eggs  or  germ  cells,  more  than  one 
new  individual  like  itself.  (There  are  a  very  few  exceptional 
cases,  coniponsatcd  for,  however,  in  other  ways.)  Most  produce 
many  new  individuals  and  some  reproduce  enormously.  Cer- 
tain fishes  lay  niiilions  of  eggs;  so  do  certain  oysters;  many 
insects  produce  thousands  of  young;  many  plants  produce 
myriads  of  seeds.  But  not  all  can  grow  up:  there  is  neither 
room  nor  food  for  all.  There  must  inevitably  be  a  selection  by 
active  or  passive,  guided  or  fortuitous,  means. 

It  is  a  necessary  assumption,  for  the  effectiveness  of  the 
natural  selection  factor,  that  this  selection  is  actually  based  on 
the  fitness  or  advantage  of  some  of  the  variations  as  compared 
with  others.  The  trying  out  or  determination  of  the  advantage 
of  these  variations  conies  about  as  an  inevitable  active  or  passive 
competition  for  life  among  the  overabundantly  appearing  new 
individuals.  This  is  the  "struggle  for  existence,"  and  the 
"survival  of  tlie  fittest"  is  the  expression  of  the  assumed  fact 
of  the  success  of  the  individuals  advantageously  (i.  e.,  most 
fitly)  varying.  The  unfit  and  tlie  less  fit  are  assumed  to  com- 
pose the  thousands  and  hundreds  of  thousands  who  must  die 
where  only  tens  or  hundreds  can  live  at  one  time. 

Hut  if  natural  selection,  which  is,  so  far,  obviously  one 
of  but  individuals  alone,  is  to  produce  new  species  and  control 
descent  lines,  it  has  to  depend  on  a  further  factor,  one  named  by 
a  familiar  word,  but  not  at  all  explained  by  it,  namely,  the  factor 
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heredity.  Although  we  can  rely  in  our  theory  building  on  the 
fact  that  no  two  individuals  are  exactly  alike^  yet  we  can  ec|ually 
certainly  rely  on  the  fact  that  the  ofiFspring  of  any  individual 
will  be  much  more  like  other  individuals  of  the  species  to  which 
the  parent  belongs  than  like  mdividuals  of  other  species,  and 
also,  in  the  main,  more  like  the  parent  than  like  other  indi- 
viduals of  the  same  species.  Heredity  is  the  name  we  use  for 
expressing  this  fact  of  likeness  of  young  to  parent. 

Some  biologists  seem  to  mean  by  heredity  a  force  or  dominat- 
ing influence  which  brings  about  this  likeness;  while  others  use 
the  word  heredity  to  name  rather  the  processes  which  are  gone 
through  with  by  the  young  in  becoming,  in  its  total  develop- 
ment, like  the  parent.  The  essential  connotation  of  the  word 
is,  however,  simply  the  fact  that  this  likeness  does  exist  and  that 
we  may  rely  on  its  continuing  to  occur.  So  that  when  the 
struggle  for  existence  weeds  out,  if  it  does,  those  individuals 
of  a  too  abundant  population  which  possess  variations  of 
disadvantage  or  of  no  special  advantage,  leaving  those  to 
survive  and  produce  offspring  which  do  possess  specially 
advantageous  or  fit  variations,  the  fact  of  heredity  ]X3rmits  us 
to  assume  the  almost  certain  perpetuation  of  these  advan- 
tageous variations  by  insuring  their  reappearance  in  the  ofT- 
spring  of  the  "saved"  individuals.  Thus  while  we  may  liken 
the  causes  that  produce  ever-appearing  variations  to  a  centrif- 
ugal force  making  for  difference  and  instability,  heredity  (if 
used  as  the  name  for  the  causes  that  produce  likeness)  may 
l)e  conceived  as  a  centripetal  force,  making  for  stability  and 
sameness. 

But  at  least  one  other  factor  seems  to  be  necessarv  in 
species-forming  and  that  is  the  factor  of  isolation,  soj^aration, 
or  segregation,  as  it  is  variously  named.  By  this  is  meant  that 
those  individuals  showing  similar  variations  must  in  some  way 
be  segregated,  made  to  live  and  breed  together,  in  order  that  the 
particular  variations  (which  from  the  point  of  view  of  the 
student  of  species-forming  may  be  called  also  the  particular 
varietal  differences  that  are  to  become  in  time  so  dev(»l()ped  and 
fixeil  as  to  be  true  species  differences)  may  be  maintained. 

For  it  is  obvious  that  if  an  individual  possessing  certain 

particular  variations  mate  with  another  of  its  species  jMissessing 

different  variations,  the  offspring  of  this  union  will  likely  not 

possess  in  pure  form  the  variations  of  that  particular  parent 
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we  are  for  the  moment  interested  in.  The  offspring  may  show 
a  blend  of  the  diflferent  characters  of  the  parents,  or  a  mosaic 
of  them,  or  may  show  the  characters  of  either  one  alone,  or, 
indeed,  characters  of  wholly  new  type.  The  important  thing 
is,  however,  that  there  is  no  certainty — indeed  there  is  almost 
certainty  of  the  opposite — that  any  particular  variation  will  be 
fostered  and  fixed  if  miscellaneous  interbreeding  is  allowed. 
So  that  a  segregation  of  individuals  having  certain  common 
variations  or  varietal  characters  is  necessary  for  the  peri)etua- 
tion  of  these  characters. 

Now  the  most  usual  way,  probably,  in  which  this  segregation 
or  isolation  is  brought  about  is  by  topographic  or  geographic 
barriers;  a  group  of  individuals  gets  isolated  from  others  of  their 
species  by  some  physical  barrier,  and  the  variations  that  appear 
among  them,  due  often  to  some  cause  incident  to  the  sjx^cial 
locality  and  hence  common  to  all  of  them,  are  readily  preserved 
and  fostered  by  the  enforced  breeding  among  themselves. 
But  such  an  isolation  may  conceivably  be  brought  al>out  in 
several  other  ways,  and  observation  hiis  shown  that  probably  in 
some  cases  so-called  biologic  isolation  occurs,  that  is,  that  a 
restriction  of  miscellaneous  interbreeding  among  individuals  of 
one  species,  and  an  enforced  selective  breeding  among  certain 
ones  possessing  certain  variations  or  differences  in  common, 
does  really  ()])tain.  Such  isolation  is  also  called  physiologic,  or 
sexual,  isolation. 

Many  l)iologists,  and  the  number  of  them  has  increased 
rapidly  in  the  last  few  years,  due  primarily  to  the  activity  and 
leadership  of  the  botanist  de  Vries  (Amsterdam),  believe  that 
species-forming  is  achieved  without  the  aid  of  the  selection 
factor;  that  the  actual  production  of  species  is  a  function  of 
variation  ('^nuitation"  the  special  kind  of  variation  efficient 
in  si)ecies-making  is  called),  and  that  the  influence  of  selection 
is  only  of  a  more  remote  and  generally  restraining,  and  thus 
dire(!tive,  nature.  Such  Inologists  may  be  said  to  l)elieve  in 
species-forming  by  heterogenesis  or  saltation,  as  contrasted 
with  8[)ecies-niaking  l)v  slow,  gradual  transmutation.  And 
de  Vries  and  his  followers  have  adduced  a  few  apparently 
undeniable  examples  of  species-forming  by  heterogenesis.  At 
least  this  influence  seems  to  have  produced  forms  to  all  in- 
tents and  purpos(»s  ap[)arently  similar  to  natural  species.  So 
the  particular  kind  of  variation  called  mutation,  which  is  the 
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liasis  of  this  sort  of  species-making,  must  be  added  to  our  list 
of  evolution  factors. 

Some  other  biologists,  of  whom  the  botanist  Nageli,  the 
zoologist  Elimer,  and  the  paleontologist  Cope  are  representa- 
tives (all  three  of  these  men,  however,  having  evolution  theories 
and  beliefs  distinct  and  peculiar  to  each),  believe  in  what  may 
be  called  orthogenctic  evolution.  That  is,  that  the  lines  of 
descent  are  determined  by  the  appearance  of  certain  special 
determinate  lines  or  tendencies  of  variation  or  change,  this  non- 
fortuitous  and  determinate  variation  being  itself  determined 
by  certain  causes  either  (in  Nageli 's  belieO  inherent  in  life,  or 
(in  Elmer's  belief)  extrinsic  to  life  but  imposed  upon  it,  as  for 
example  the  influence  of  climate,  etc.  So  that  orthogenesis  or 
determinate  variation  should  also  find  a  place  in  any  list  of 
assumed  evolution  factors. 

While  it  is  apparent  that  variation  is  ever  present  and  also 
apparent  that  heredity  or  the  fact  of  likeness  is  always  ever  to 
be  relie<l  on,  the  exact  relationship  or  correlation  of  these  two 
evolution  factors  is  not  so  apparent.  That  heredity  often 
preserves  or  i)erpetuates  variations  after  they  have  occurred  is 
well  provcnl,  but  it  is  also  proved  that  some  variations  ai)f)caring 
in  the  parent  are  not  handed  on  to  the  ])arent*s  offspring,  nor 
inileed  to  any  future  generations  of  the  line.  And  the  general 
answer  to  the  natural  query  raised  by  this  condition  is  that 
variations  which  are  congenital  or  blastogenic,  that  is,  are 
d(»terniined  at  birth  for  it  (although  they  appear  of  course  only 
after  development),  are  heritable  (that  is,  will  be  passed  on 
from  parent  to  offspring);  but  that  variations  or  modifications 
arfjuired  during  the  lifetime  of  the  individual,  that  is,  those  which 
are  impressed  on  it  by  extrinsic  influences  during  its  "growing 
II I) "  or  development,  will  not  be  heritable.  Thus  such  modifica- 
tions in  l)ody  parts  as  may  be  produced  by  use  or  disuse,  or  by 
other  functional  stinmlation  or  lack  of  it,  changes  caused  by 
mutilation  or  disease,  etc.,  are  believed  by  movst  biologists  to  be 
non-heritable.  Hence  it  is  that  only  the  congenital  variations 
are  hK)ke<l  on  by  these  biologists  as  of  importance*  in  tlie  matter 
of  sijecies-forming.  Yet  the  whole  pre-Darwinian  evolution 
tluHiry  of  Lamarck  was  founde<l  on  the  assuin})tion  that  the 
iiKKlificaticms  in  individuals  due  to  use,  disuse,  and  other  func- 
tional stimulation,  in  a  word  that  all  body  change  and  adapta- 
tion, all  characters  acquired  during  the  lifetime  of  an  individual, 
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can  be,  in  some  degree  at  least,  handed  on  by  inheritance  to  the 
oflfspring.  And  there  are  to-day  many  Lamarckian  evolu- 
tionists. So  that  in  our  list  of  possible  evolution  factors  the 
so-called  Lamarckian  factor  shoiild  not  be  omitted.  And  in 
connection  with  it  may  be  considered,  by  and  large,  the  imme- 
diate influence  or  non-influence  on  individuals  and  on  species 
of  all  environmental  conditions;  and  particularly  the  results 
of  such  influence  dming  development.  In  fact  the  study  of 
development  has  come  largely  to  be  a  study  of  the  actual  in- 
fluences or  factors  that  determine  and  guide  growth,  instead  of 
one  purely  descriptive  and  comparative  as  in  the  older  days 
of  embryological  study.  Some  of  these  factors  are  apparently 
strictly  inherent  in  the  protoplasmic  germ  cells  and  in  the 
embryo  substance:  others  are  as  obviously  extrinsic  or  epigenetic. 
And  the  determination  of  the  relative  influence  and  power  of 
these  two  sets  of  developmental  factors  and  of  the  various 
members  of  each  set  is  one  of  the  most  eagerly  worked-at 
problems  of  modern  biological  study. 

Finally,  the  general  term  adaptation  should  be  mentioned 
in  any  list  of  evolution  factors;  although  it  is  more  usually 
looked  on,  not  as  a  factor,  but  as  an  evolution  problem  and 
indeed  one  of  the  greatest  of  the  problems.  Adaptation  is 
precisely  one  of  the  things  evolutionists  are  trying  to  find  the 
causes  or  causal  factors  of.  But  nevertheless  the  adaptability 
of  life  stuff,  its  plasticity  and  capacity  of  advantageous  reac- 
tion, is,  to  many  biologists,  a  fundamental  fact  in  organic 
nature,  like  gravitation  or  chemical  affinity  in  inorganic  nature: 
a  thing  basic  and  inexplicable,  and  in  itself  a  factor  whose  con- 
se(iuonces  are  to  be  determined  but  not  further  to  be  ques- 
tioned as  to  their  cause. 


CHAPTER  V 

NATURAL  SELECTION  AND  THE  STRUGGLE 
FOR   EXISTENCE;    SEXUAL  SELECTION 

The  tendency  to  regard  natural  selection  as  more  or  less  unnecessary 
or  superfluous  which  is  so  characteristic  of  our  day,  seems  to  grow  out 
of  reverence  for  the  all-sufficiency  of  the  philosophy  of  evolution,  and 
pious  belief  that  the  history  of  living  things  flows  out  of  this  philosophy 
as  a  necessary  truth  or  axiom. — Brooks. 

La  selection  naturelle  est  un  principe  admirable  et  parfaitement 
juste.  Tout  le  monde  est  d'accord  aujourd'hui  sur  ce  point.  Mais 
oif  Ton  n'est  pas  d 'accord,  c'est  sur  la  limite  de  sa  puissance  et  sur  la 
question  de  savoir  si  elle  peut  engendrer  des  formes  s|)ecifiques 
nouvelles.     II  semble  bien  demoiitre  aujourd'hui  qu'elle  iie  le  peut. 

— Dei^ge. 

Of  all  the  various  factors  of  organic  evolution  the  one 
which  has  been  most  relied  on  as  the  great  determining  agent 
is  that  called  Natural  Selection,  the  survival  of  the  individuals 
l)est  fitted  for  the  conditions  of  life,  with  the  inheritance  of 
those  si)ecies-forming  adaptations  in  which  fitness  lies.  The 
primal  initiative  is  not  in  natural  selection,  but  in  variation, 
germinal  and  individual.  This  may  be  sliglit  variation  (fluc- 
tuation) or  large  deviation  (saltation),  but  in  any  case  all 
difference  in  species  or  race  must  first  be  individual.  Tlie 
impulse  to  change,  once  arisen,  is  continued  through  lioredity. 
From  natural  selection  arises  the  choice  among  different  lines 
of  descent,  the  adaptive  tending  to  exclude  tlie  non-adaptive, 
while  traits  which  are  neither  helpful  nor  hurtful,  but  simply 
indifferent,  may  be  borne  along  by  the  current  of  adaptive 
characters.  Finally  separation  or  isolation  tends  to  preserve  a 
special  line  of  heredity  from  being  merged  in  the  mass  which 
constitutes  the  parent  stock  or  species. 

Without  individual  variation,  no  change  could  take  place; 
all  organisms  would  be  identical  in  structure.    Without  heredity, 
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if  we  coald  conmve  saefa.  a  condition,  no  change  would  persist. 
Without  selection,  there  wouki  be  no  {Nremium  placed  on 
adaptive  characters,  and  organisms  would  persist  in  every 
degree  of  variance  with  their  surroundings.  Without  some 
degree  of  ii^olation.  every  change  would  be  lost  by  cross-breeding 
with  the  mass.  In  a  world  of  varying  conditions  ^ith  varying 
organisni^.  it  is  not  conceivable  that  species  should ,  through 
all  their  generations,  undergo  no  change,  Xor  in  the  changes 
of  any  spei'ie?  is  it  passible  that  any  one  of  the  factors  or  con- 
ditions named  abo\-e  should  be  whoUv  absent.  But  the  effects 
of  each  one  niav  show  themselves  in  manv  different  wars,  and 
each  niav  be  UKxlitied  bv  other  facts  or  conditions.  We  have 
c\>m{^»are^.i  the  histor>*  of  species  to  the  flow  of  a  river.  A  single 
r\H'k  may  change  the  course  of  a  stream.  In  like  manner 
incidental  circumstances  may  determine  the  evolution  of  a 
sjHvit^.  Or  usinsr  a  different  metaphor  we  may  compare  the 
c^nirs**  of  a  sjvvnes  with  that  «>f  a  glacier.  Tlie  movement  of  a 
glacier  ileivuils  on  the  law  of  sravitation  "resident**  within 
its  mi^UvuU^.  Its  i^nirse  is  deterniituHl  by  th**  to|>o^raphy  of 
its  UhI.  To  this  Uni  it  i^  jx^rttH'tly  titttnl.  but  the  condition  of 
its  surfaiv  de{vnvl<  on  oiroiiru<tani*t^  relateil  neither  to  the  law 
of  srravitation  nor  to  the  form  of  its  Ixxl.  A  species  of  animal  or 
plant  is  well  titttxi  to  its  c\>nditions  in  life.  This  natural 
seUviion  riddly  onf ori*t^ :  but  its  surface  characters,  which  are 
not  t^sontial  to  its  life,  art^  vlotermimxl  by  other  influences,  and 
in  this  Unh  s^^tvtion  and  envin>nment  play  but  a  minor  part. 

All  animals  ftwl  u|H>n  living  organivsms  or  u|Hm  that  which 
has  Uhmi  living.  Ileiuv  each  animal  thnnighout  its  life  is  busy 
with  the  di^t ruction  of  the  other  organisms  or  with  their 
n'nioval  after  deatli.  If  thest*  cn*atures.  animals,  or  plants  on 
wliirh  animals  ftwl.  an^  to  hold  tlit*ir  o\vu,  there  nuist  be  an 
exct'ss  of  birth  and  ilevelopnient  to  make  good  the  drain  u|X)n 
tht'ir  numU^rs.  If  the  plants  tlid  not  n^store  their  losses  the 
animals  tliat  ftHxl  on  them  wtuild  ivrish.  In  like  fiushion  flesh- 
eat  inir  animals  an^  de|v*Mulent  on  tlu»se  which  feed  on  plants. 

Rut  throughout  nature  there  is  a  vast  excess  in  the  process 
of  repnMiuction.  More  plants  sprout  than  c<mld  find  standing 
room  wore  all  to  grow.  More  st^inls  an^  develo|>ed  than  can  find 
place  to  sprout.  More  animals  are  l>orn  than  can  possibly 
survive.  The  proct»ss  of  increase  among  animals  is  rightly 
calknl  nmltiplication.     Each  s|XHMes  tends  to  increase  in  geo- 
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metric  ratio,  but  as  it  multiplies  it  finds  the  world  already 
crowded  with  other  multiplying  species.  A  single  pair  of  any 
species  whatsoever,  if  not  checked  by  adverse  conditions,  would 
soon  fill  the  whole  earth  with  its  progeny. 

An  annual  plant  producing  two  seeds  only  would  have 
1,048,576  descendants  in  twenty-one  years,  if  each  seed  sprouted 
and  matured.  But  most  plants  produce  hundreds  or  thousands 
of  seeds.  The  ratio  of  increase  is  a  matter  of  minor  importance. 
It  is  the  ratio  of  increase  above  loss  which  determines  the  fate 
of  species.  Those  species  increase  in  numbers  in  which  the 
gain  exceeds  the  rate  of  destruction  through  the  influence  of 
otlier  sjx^cies  or  the  adverse  conditions  of  life.  Where  few 
enemieu  exist  the  ratio  of  increase  need  not  be  large.  One  of 
tlie  most  abundant  of  birds  is  the  fubnar  petrel  of  the  mid- 
Pacific.  It  lays  but  one  egg  yearly,  but  it  has  few  enemies  and 
the  low  rate  of  increase  suffices  to  cover  the  sea  with  fulmars 
within  the  regicm  it  inhabits. 

It  is  not  easy  to  realize  the  inordinate  numbers  any  si>ccies 
would  attain  were  it  not  for  the  checks  produced  by  the  presence 
of  the  activity  of  other  organisms.  Certain  protozoa,  at  their 
normal  rate  of  increase — if  none  were  devoured  or  destroyed — 
might  fill  the  entire  ocean  within  a  very  short  time.  It  is  said 
that  the  conger  eel  lays  15,000,000  eggs  yearly.  If  cacli  hatched 
and  the  congcT  grew  to  maturity,  in  a  few  years  there  would  be 
no  room  for  any  otlier  kind  of  fish  in  the  sea.  The  codfish  has 
boon  known  to  produce  9,100,0(X)  eggs  each  year.  If  cacli  egg 
wore  to  develop,  in  ten  years  the  sea  would  be  solidly  full  of 
ccxlfish. 

The  female  quinnat  salmon  of  the  Columbia,  Onrorhytwhus 
trhain/tschUf  ascends  the  river  at  the  age  of  about  four  years, 
and  lays  4,000  eggs,  after  which  she  dies.  Half  those  eggs 
develop  into  males.  If  each  female  egg  came  to  maturity,  we 
sliould  have  at  the  end  of  fifty  years  S,(K)0,00(),(KK),(KK).(K)(),- 
(X)0,0(X),()0(),0(K),000,0(K).00(),00(),o6o  female  salmon  and  jis 
many  males  as  the  offspring  of  a  single  pair.  It  takes  about 
one  hundred  of  these  salmon  to  weigli  a  ton.  Could  all  these 
fishes  develop,  in  a  very  short  time  there  wouhi  he  no  room 
for  them  in  all  the  rivers  of  the  North,  nor  in  all  the  waters  of 
th(»  s<»a. 

If  each  egg  of  the  common  house  fly  sliould  develop  and  each 
of  the  larvai  should  find  the  food  and  temj)erature  it  needed, 
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with  no  loss  and  no  destruction,  the  people  of  the  city  in  which 
it  happened  would  suffocate  under  the  plague  of  flies.  When- 
ever any  species  of  insect  develops  a  large  percentage  of  the  eggs 
laid,  it  becomes  at  once  a  plague.  Thus  originate  plagues  of 
locusts,  grasshoppers,  and  caterpillars.  But  the  crowd  of  life 
renders  these  plagues  rare.  Scavenger-beetles  and  bacteria 
destroy  the  decaying  flesh  where  the  fly  would  lay  its  eggs. 
Minute  creatures,  bacteria,  protozoa,  other  insects,  are  parasitic 
within  the  larva  itself.  Millions  of  flies  starve  to  death.  Mil- 
lions more  are  eaten  by  birds  and  predaceous  insects.  The 
final  result  is  that  from  year  to  year  the  number  of  flies  does 
not  increase.  Linnirus  once  sivid  that  "three  flies  will  devour 
a  dead  liorsc  as  quickly  as  a  lion."  Quite  as  soon  would  three 
bacteria  with  their  descendants  reach  the  same  result.  "  Even 
slow-breeding  man,"  says  Darwin,  "has  doubled  in  twenty-five 
years.  At  tliis  rate  in  less  than  a  thousand  years  there  literally 
would  not  be  standing  room  for  his  progeny.  The  elephant  is 
reckoned  the  slowest  breeder  of  all  animals.  It  begins  breeding 
when  tliirty  years  old  and  goes  on  breeding  until  ninety  years 
old,  bringing  forth  six  young  in  the  interval  and  surviving  to  be 
a  liundrcd  years  old.  If  this  be  so,  after  about  800  years  there 
sliouUl  be  19,000,000  elepliants  alive  descended  from  the  first 
pair."  A  few  y(\ai\s  of  still  further  multiplication  without  check, 
and  every  foot  of  the  earth  would  be  covered  by  elephants. 

Similar  calculations  may  be  made  in  regard  to  any  s}X)cies  of 
animal  or  plant  whatsoever.  Each  one  increases  at  a  rate  which 
without  checks  would  make  it  soon  cover  the  earth.  Yet  the 
number  of  individuals  in  a  state  of  nature  in  any  species  re- 
mains about  stationary.  With  the  interference  of  man,  in 
many  species  the  numbers  slowly  diminish;  very  few  increase. 
There  are  about  as  many  squirrels  in  the  forest  one  year  as 
another,  as  many  butterflies  in  the  field,  as  many  frogs  in  the 
pond.  Wolves,  })ears,  deer,  ducks,  singing  birds,  fishes,  all  suf- 
fer from  man's  attacks  or  man\s  neglect  and  grow  fewer  year 
by  year.  It  is  manife^st  that  the  tendency  to  reproduce  by 
geometric  ratio  meets  everywhere  with  a  corresponding  check. 
This  check  is  known  as  the  Struggle  for  Existence. 

The  struggle  for  existence  is  threefold:  (a)  Among  individuals 
of  one  speci(\s,  as  wolf  against  wolf  or  sparrow  against  sparrow; 
(/>)  betw(»eii  individuals  of  different  s|)ecies,  as  rabbit  with  wolf 
or  blue-bird  with  sparrow;  (r)  with  the  conditions  in  life — as 
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the  necessity  of  the  robin  to  find  water  in  summer  or  to  keep 
wann  in  winter.  All  three  forma  of  the  struggle  for  existence, 
intraspecific,  interspecific,  and  environmental,  are  constantly 
optative  and  with  every  species.  In  some  regions  or  under 
some  conditions  the  one  phase  may  be  more  destructive,  in 
others  another.  Any  one  of  these  may  be  in  various  ways 
modified  or  amehorated.  When  the  conditions  of  life  are  most 
easy,  as  with  most  species  in  the  tropics,  there  the  conflict  of 
indi\'idual8  and  the  conflict  of  species  is  most  severe.  It  is  not 
possible  to  say  that  any  one  of  these  three  forms  of  struggle  and 
selection  is  more  potent  than  the  others.  In  fact,  the  first  and 
the  second  are  in  a  sense  forms  of  the  third.  All  strirggle  is, 
strictly  speaking,  with  the  conditions  of  life.     Those  individuals 


which  endure  this  struggle  survive  to  reproduce  themselves. 
The  rest  die  and  leave  no  progeny. 

Because  of  the  destruction  resulting  from  the  struggle  for 
existence,  more  individuals  in  each  species  are  born  than  can 
mature.  The  majority  fail  to  reach  maturity  because  for  one 
reason  or  another  they  cannot  do  so.  All  live  that  can.  Each 
animal  tries  to  feed  itself:  many  try  to  take  care  of  their  young. 
But  in  self  protection  and  in  propagation  of  the  species  very  few 
individuals  succeed  in  comparison  with  the  vast  number  which 
the  process  of  reproduction  calls  into  being. 

The  destruction  in  nature  is  not  indiscriminate.  In  the 
long  rxm  and  for  the  most  part,  those  crcatiires  least  fitted  to 
TPMint  are  t!ie  first  to  |>erish.  It  is  the  slowest  animal  which  is 
Eoonest  overtaken  by  the  pursuers.     It  is  the  wcakcut  which  is 
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crowded  aside  or  trampled  on  by  iU  associates.  It  is  the  least 
adaptable  which  suffers  most  from  extremes  of  heat  and  cold. 
By  the  process  of  Artificial  Selection  the  breeder  improves  his 
stock,  destroying  his  weakest  or  least  comely  calves,  reserving 
the  strong  and  fit  for  parentage.  In  like  fashion,  on  an  in- 
conceivably large  scale,  the  forces  of  nature  are  at  work  modify- 
ing and  fitting  to  the  demands  of  their  surroundings  the  difTerent 
species  of  animals.  Because  the  processes  and  results  of  the 
struggle  for  existence  seem  parallel  with  those  of  artificial 
selection,  Darwin  suggested  the  name  of  Natural  li^election 
for  the  sifting  process  as  seen  in  nature.  To  the  general  re- 
sult of  natural  selection,  Herbert  Spencer  has  appUed  the  term 


.     (Kro, 


Survival  of  the  Fittest.  By  fitness  in  this  sense  is  meant  only 
adaptation  to  surrounding  conditions,  for  the  process  of  natural 
selection  has  no  nc^pcssary  moral  clement,  nor  does  it  necessarily 
work  toward  progress  among  organisms.  With  changing  con- 
dilions  sjiecies  undergo  change.  Some  individuals,  by  the 
possession  uf  slight  acivantageous  variations  of  structure  or  of 
instinct,  meet  these  new  demands  better  than  others.  These 
survive,  the  others  <lie.  The  survivors  produce  young  sharing 
in  pari,  at  least,  their  own  advantages,  and  with  renewed  selec- 
tion the  degree  of  adaptation  increases  with  successive  genera- 
tions. 

To  (he  process  of  natural  selection  we  must,  in  meet  cases, 
probably  ascrilw  the  adjustment  of  si>ecica  to  surroundings. 
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Natural  selection  does  not  create  species,  it  enforces  adaptation. 
If  a  species  or  a  group  of  individuals  cannot  fit  itself  to  its 
environment,  it  will  be  crowded  out  by  others  which  can  do  so. 
It  will  then  either  disappear  entirely  from  the  earth,  or  it  will  be 
limited  to  that  region  or  to  those  conditions  to  which  it  is 
adapted.  A  partial  adjustment  tends  to  become  more  perfect, 
for  the  individuals  least  fitted  are  first  destroyed  in  the  struggle 
for  existence.  Very  small  variations  may  sometimes,  therefore, 
lead  to  great  changes.  A  side  issue  apparently  unimportant 
may  perhaps  determine  the  fate  of  a  species.  Any  advantage 
however  small  may  possibly  turn  the  scale  of  life.  "Battle 
within  battles  must  be  continually  recurring,  with  varying  suc- 
cess, 3'et  in  the  long  run  the  forces  are  so  nicely  balanced  that 
tlie  face  of  nature  remains  for  a  long  time  uniform,  though 
assuredly  the  merest  trifle  would  give  the  victory  to  one  organic 
being  over  another." 
Darwin  says: 

"  I  have  found  that  the  \isits  of  bees  are  necessary  for  the  fertili- 
zation of  some  kinds  of  clover;  for  instance,  twenty  heads  of  white 
clover  {Tri folium  repent)  yielded  two  thousand  two  hundred  and  ninety 
swkIs,  but  twenty  other  heads  protected  from  the  l)ee8  produced  not 
one.  Again,  one  hundred  heads  of  red  clover  (Tnfolium  pratense) 
pnxhicetl  two  thousand  seven  hundred  seeds,  but  the  same  number  of 
protected  h<»a(ls  pro<luced  not  a  single  seed.  Humble-bees  alone  visit 
re<l  clover,  as  other  lx«s  cannot  reach  the  nectar.  .  .  .  Hence  we  may 
infer  as  highly  probable  that,  if  the  whole  genus  of  humble-bees  Ix^came 
extinct  or  very  rare  in  England,  the  heart^^ease  and  red  clover  would 
Ix^ronie  very  rare  or  wholly  disappear.  The  numb<»r  of  humble-bees 
in  any  district  de|)ends  in  a  great  measure  on  the  numlx»r  of  field  mice, 
which  destroy  their  combs  and  nests;  and  Colonel  Newinan,  who  has 
long  attended  to  the  habits  of  humble-bees,  bt^lieves  that  more  than 
two-thinis  of  them  are  thus  destroyed  all  over  England.  Now  the 
numlx^r  of  mice  is  largely  dej^endent,  as  everyone  knows,  on  the  num- 
l>er  of  cats;  and  Colonel  Newman  says:  *Near  villages  and  small  towns 
I  have  found  the  nests  of  humble-  bees  more  numerous  than  else- 
where, which  I  attribute  to  the  number  of  cats  that  destroy  the  mice.' 
Hence  it  is  quite  credible  that  the  presence  of  feline  animals  in  large 
numlx^rs  in  a  district  might  determine,  through  the  intervention 
first  of  niic^e  and  then  of  bees,  the  frequency  of  certain  flowers  in 
that  district/' 
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Huxiey  carries  this  calculation  still  further  by  showing  that 
the  number  of  cats  depends  on  the  number  of  unmarried  women. 
On  the  other  hand,  clover  produces  beef,  and  beef  strength. 
Thus  in  a  degree  the  prowess  of  England  is  related  to  the  number 
of  spinsters  in  its  rural  districts!  This  statement  would  be  true 
in  all  seriousness  were  it  not  that  so  many  other  elements  come 
into  the  calculation.  But  whether  true  or  not,  it  illustrates  tlie 
way  in  which  causes  and  effects  in  biology  become  intertangled. 

There  was  introduced  into  California  from  Australia,  on 
young  lemon  trees,  twenty-five  years  ago,  an  insect  pest  called 
the  cottony  cushion  scale  (Icerya  purchasi).  This  pest  in- 
creased in  numbers  with  extraordinary  rapidity,  and  in  ten  years 
threatened  to  destroy  completely  the  great  orange  orchards  of 
California.  Artificial  remedies  were  of  little  avail.  Finally,  an 
entomologist  was  sent  to  Australia  to  find  out  if  this  scale  insect 
had  not  some  special  natural  enemy  in  its  native  country.  It  was 
found  that  in  Australia  a  certain  species  of  ladybird  beetle 
attacked  and  fed  on  the  cottony  cusliion  scales  and  kept  them 
in  check  (Fig.  39).  Some  of  these  ladybirds  {Vedalia  cardi- 
nalis)  were  brought  to  California  and  released  in  a  scale-infested 
orchard.  The  ladybirds,  having  plenty  of  food,  thrived  and 
produced  many  young.  Soon  they  were  in  such  numbers  that 
many  of  them  could  l>e  distributed  to  other  orchards.  In 
two  or  three  vears  the  Vedalias  had  become  so  numerous 
and  widely  distributed  that  the  cottony  cushion  scales  began 
to  diminish  perceptibly,  and  soon  the  pest  was  nearly 
wiped  out.  But  with  the  disappearance  of  the  scales  came 
also  a  (lisappcaranre  of  the  ladybirds,  and  it  was  then  dis- 
covered that  the  V(H:lalias  fed  only  on  cottony  cushion  scales 
and  could  not  live  where  the  scales  were  not.  So  now,  in  order 
to  have  a  stock  of  Vedalias  on  hand  in  California,  it  is  necessary 
to  keep  pr()tecte<:l  some  colonies  of  the  cottony  cusliion  scale 
to  serve  as  food.  Of  course,  with  the  disappearance  of  the  pre- 
daceous  ladybirds  the  scale  began  to  increase  again  in  various 
parts  of  the  State,  but  with  the  sending  of  Vedalias  to  these 
localities  the  scale  was  again  crushed.  How  close  is  the  inter- 
dependence of  these  two  species! 

There  is  little  foundation  for  the  current  belief  that  each 
species  of  animal  has  originated  in  the  area  it  now  occupies,  for 
in  many  cases  our  knowledge  of  palipontology  shows  the  reverse 
of  this  to  be  true.     Even  more  incorrect  is  the  belief  that  each 
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species  occupies  the  district  or  the  surroundings  best  fitted 
for  its  habitation.  This  is  manifested  in  the  fact  of  the  extraor- 
dinary fertility  and  persistence  shown  by  many  kinds  of  animals 
and  plants  in  taking  possession  of  new  lands  which  have  become, 
through  the  voluntary  or  involuntary  interference  of  man,  open 
to  their  invasion.  Facts  of  this  sort  are  the  "enormous  in- 
crease of  rabbits  and  pigs  in  Australia  and  New  Zealand,  of 
horses  and  cattle  in  South  America,  and  of  the  sparrows  of 
North  America,  though  in  none  of  these  cases  are  the  animals 
natives  of  the  countries  in  which  they  thrive  so  well "  (Wal- 
lace). The  persistent  spreading  of  European  weeds  to  the 
exclusion  of  our  native  plants  is  a  fact  too  well  known  to  every 
farmer  in  America.  The  constant  moving  westward  of  the 
white  weed  and  the  Canada  thistle  marks  the  steady  deteriora- 
tion of  our  grass  fields.  The  cockroaches  in  American  kitch- 
ens represent  invading  species  from  Europe.  The  American 
cockroaches  Uve  in  the  woods.  Perhaps  a  majority  of  the 
w^orst  insect  pesta  of  the  United  States  are  of  European  or 
Asiatic  origin.  Especially  noteworthy  are  cases  of  this  type 
in  Australia  and  New  Zealand.  In  New  Zealand  the  weeds 
of  Europe,  toughened  by  centuries  of  selection,  have  won  an 
easy  victory  over  the  native  plants. 

Dr.  Hooker  states  that,  in  New  Zealand  "the  cow  grass  has 
taken  ix)ssession  of  the  roadsides;  dock  and  watercress  choke 
the  rivers;  the  sow  thistle  is  spread  all  over  the  country,  growing 
luxuriantly  up  to  6,000  feet;  white  clover  in  the  mountain  dis- 
tricts displaces  the  native  grasses."  The  native  Maori  saying 
is:  "  As  the  white  man's  rat  has  driven  away  the  native  rat,  as 
the  European  fly  drives  away  our  own,  and  the  clover  kills  our 
fern,  so  will  the  Maoris  disappear  before  the  white  man  himself." 

Prof.  Sidney  Dickinson  gives  the  following  notes  on  the 
rabbit  and  other  plagues  of  Australia: 

"The  averafice  annual  cost  to  Australasia  of  the  rabbit  j)laguc  is 
£700,(XK),  or  nearly  $3,5(K),000.  The  work  which  those  enormous  figures 
repmjvnt  has  a  marked  effect  in  re(Iu(*ing  the  numl)er  of  rabbits  in  the 
hotter  districts,  although  there  is  little  to  suppose  that  their  extermina- 
tion will  ever  be  more  than  partial.  Most  of  the  larger  runs  show  very 
few  at  present,  and  rabbit-proof  fencing,  which  has  been  set  around 
thousands  of  square  miles,  has  done  much  to  check  further  inroads. 
Until  this  invention  began  to  be  utilized  it  was  not  uncommon  to  find 
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as  many  as  a  hundred  rabbiters  employed  on  a  single  property  whose 
working  average  was  from  three  hundred  to  four  hundred  rabbits  per 
day.  As  they  received  five  shillings  a  hundred  from  the  station  owner, 
and  were  also  able  to  sell  the  skins  at  eight  shillings  a  hundred,  their 
profession  was  most  lucrative.  Seventy-five  dollars  a  week  was  not 
an  uncommon  wage,  and  many  an  unfortunate  squatter  looked  with 
envy  upon  the  rabbiters,  who  were  heaping  up  modest  fortunes,  while 
he  himself  was  slowly  being  eaten  out  of  house  and  home. 

"The  fecundity  of  the  rabbit  is  amazing,  and  his  invasion  of  remote 
districts  swift  and  mysterious.  Careful  estimates  show  that,  under 
favorable  conditions,  a  pair  of  Australian  rabbits  will  produce  six 
litters  a  year,  averaging  five  indi\iduals  each.  As  the  offspring  them- 
selves begin  breeding  at  the  age  of  six  months,  it  is  shown  that,  at  this 
rate,  the  original  pair  might  be  responsible  in  five  years  for  a  progeny 
of  over  twenty  millions.  That  the  original  score  that  were  brought  to 
the  country  have  propagated  after  some  such  ratio,  no  one  can  doubt 
who  has  seen  the  enormous  hordes  that  now  devastate  the  land  in 
certain  districts.  In  all  but  the  remoter  sections,  the  rabbits  are  now 
fairly  under  control;  one  rabbitcr  with  a  pack  of  dogs  su|K»r\nsc\s 
stations  whore  one  hundred  were  employed  ten  years  ago,  and  with 
ordinary  vigilance  the  siiuattcrs  have  little  to  fear.  Millions  of  the 
animals  have  IxH^n  killed  by  fencing  in  the  water  holes  and  dams  during 
a  dry  st^ason,  whereby  they  died  of  thirst,  and  lay  in  enormous 
piles  against  the  obstructions  they  had  frantically  and  vainly  striven 
to  climb,  and  poisoned  grain  and  fruit  have  killed  myriads  more.  A 
fortune  of  £2o,0(X)  offered  by  the  New  South  Wales  Government  still 
awaits  the  man  who  can  invent  some  means  of  general  destruction, 
and  the  knowledge  of  this  fact  has  brought  to  the  notice  of  the  various 
colonial  governments  some  very  original  de\nces. 

"Another  great  i)(\st  to  the  sciuatters  is  developing  in  the  foxes, 
two  of  which  were  imported  from  CumlxTland  some  years  ago  by  a 
wealthy  station  owner,  who  thought  that  they  might  breed,  and 
give  hinis<»lf  and  friends  an  occasional  day  with  the  hoimds.  His 
modest  (lesir(\s  were  soon  met  in  the  development  of  a  race  of  foxes 
far  surpassing  the  English  variety  in  strength  and  aggrt»ssiveness, 
which  not  only  devour  many  sheep,  but  out  of  pure  depra\ity  worry 
and  kill  ten  times  as  many  as  they  can  eat.  When  to  these  plagues  is 
added  the  ruin  of  thousands  of  acres  from  the  spread  of  the  thistle, 
which  a  canny  Scot  brought  from  the  Highlands  to  keep  alive  in  his 
breast  the  memories  of  Wallace  and  Bruce;  the  well-nigh  resistless 
inroads  of  furze;  and,  in  New  Zealand,  the  blocking  up  of  rivers  by 
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the  English  watercress,  which  in  its  new  home  grows  a  dozen  feet  in 
length,  and  has  to  be  dredged  out  to  keep  navigation  open,  it  may  be 
understood  the  colonials  look  with  jaundiced  eye  upon  suggestions 
of  any  further  interference  with  Australian  nature. 

"Not  to  be  outdone  by  foreign  importations,  the  country  itself 
has  shown  in  the  humble  locust  a  nuisance  quite  as  potent  as  rabbit, 
fox,  or  thistle.  This  bane  of  all  men  who  pasture  sheep  on  grass  has 
not  been  much  in  evidence  until  within  the  last  few  years,  when 
the  great  destruction  of  indigenous  birds  by  the  gun  and  by  ]X)isoned 
grain  strewn  for  rabbits  has  facilitated  its  increase.  The  devastation 
caused  by  these  insects  last  year  was  enormous,  and  befell  a  district  a 
thousand  miles  long  and  two  thousand  wide.  For  days  they  passed  in 
clouds  that  darkened  the  earth  with  the  gloomy  hue  of  an  eclipse, 
while  the  ground  was  covered  with  crawling  millions,  devouring  every 
gn*en  thing  and  giving  to  the  country  the  appearance  of  being  carpeted 
with  scales.  It  has  been  discovered,  however,  that  before  they  attain 
thiMr  wiigeil  state  they  can  easily  be  destroyed,  and  energetic  measures 
will  be  taken  against  them  throughout  all  the  inhabited  districts  of 
Australia  whenever  they  make  another  appearance." 

Tlie  conditions  of  the  struggle  for  existence  are  not  neces- 
sarilv  felt  as  an  individual  stress  to  the  individuals  which  sur- 
vivc.  The  life  they  lead  is  the  one  for  which  thoy  arc  fitted. 
Tht'  struggle  is  painful  or  destructive  only  to  those  iniperfectly 
adapt<Ml.  Men  in  general  arc  fitted  to  the  struggle  endured  by 
their  anccn^tors  as  they  are  adai)ted  to  the  pressure  of  tlie  air. 
Tliev  do  not  recognize  the  pressure  itself  but  only  its  fluctua- 
tions. Hence  many  writers  have  supposed  that  the  struggle 
for  existence  belongs  to  animals  and  plants  and  tliat  man  is 
or  should  lx»  exempt  from  it.  Competition  has  been  identified 
with  injustice,  fraud,  or  trickery,  and  it  has  been  supposed  that 
it  could  l>e  abolished  by  acts  of  benevolent  legislation.  But 
coT!H)etition  is  inseparable  from  life.  The  struggle  for  existence 
rnav  l>e  hidden  in  social  conventions  or  its  effects  more  evenlv 
distribute<l  tlirough  processes  of  mutual  aid,  but  its  necessity  is 
always  pres(»nt.     Competition  is  the  source  of  all  progress. 

The  first  suggestion  of  the  doctrine  of  natural  selection 
came  to  Darwin  through  the  law  of  population  as  stated  by 
Thf>mas  Malthus.  The  law  of  Malthus  is  in  substance  as  fol- 
lows: Man  tends  to  increase  by  geometrical  ratio — that  is,  by 
multiplication.     The  increase  of  food  supply  is  by  arithmetical. 
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ratio — that  is,  by  addition;  therefore,  whatever  may  be  the  ratio 
of  increase,  a  geometrical  progression  will  sooner  or  later  outrun 
an  arithmetical  one.  Hence  sooner  or  later  the  world  must  be 
overstocked,  did  not  vice,  misery,  or  prudence  come  in  as  checks, 
reducing  the  ratio  of  multiplication.  This  law  has  been  criti- 
cised as  a  partial  truth,  so  far  as  man  is  concerned.  This  means 
simply  that  there  are  factors  also  in  evolution  other  than  those 
recognized  by  Malthus.  Nevertheless,  Malthus's  law  is  a  sound 
statement  of  one  great  factor.  And  this  law  is  simply  the  ex- 
pression of  the  struggle  for  existence  as  it  appears  among  men. 

The  doctrine  of  organic  evolution  was  first  placed  on  a  firm 
basis  by  Darwin,  because  Darwin  was  the  first  who  clearly 
defined  the  force  of  natural  selection.  Darwin,  however,  rec- 
ognized other  factors,  known  or  hypothetical,  and  was  inter- 
ested more  in  showing  the  fact  of  descent  and  one  cause  of 
modification  than  in  insisting  on  the  all-sufficiency  of  the  cause 
especially  defined  by  himself. 

In  later  times,  Weismann  and  his  followers  have  laid  more 
exclusive  stress  on  natural  selection  and  its  Allmacht  or  ex- 
clusive power  in  bringing  about  organic  evolution.  This  view 
is  known  as  Neo-Darwinism  and  the  school  of  workers  who 
profess  it  as  Neo-Darwinians.  Few  investigators  question 
the  far-reaching  influence  of  natural  selection,  but  there  are 
many  phases  in  organic  evolution  which  cannot  be  ascribed 
to  it.  Hence  the  search  for  other  factors  has  been  assiduoasly 
prosecuted,  and  doubts  of  Darwinism  have  been  widely  ex- 
pressed; but  this  doubting  has  been  thrown  not  so  much  on 
the  Darwinism  of  Darwin,  nor,  as  a  rule,  on  the  law  of  natural 
selection,  but  rather  on  the  Allmacht  claimed  for  it  by  Weis- 
mann and  his  associates. 

Without  attempting  any  elaborate  discussion  of  questions 
still  far  from  settled  we  may  venture  these  suggestions: 

1.  Given  the  facts  of  individual  variation,  of  inheritance, 
and  some  check  to  freedom  of  migration,  natiu'al  selection  would 
accomplish  some  form  of  organic  evolution;  species  would  be 
formed  by  the  survival  of  the  adapted,  adaptations  would  be 
perpetuated,  and  minor  differences  would  develop  in  time  into 
deep-seated  differences. 

2.  With  natural  selection  alone,  however,  the  actual  facts  in 
organic  evolution  as  we  know  them  would  apparently  not  be 
achieved. 
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3.  In  other  words,  while  natural  selection  furnishes  the 
motive  force  of  change,  other  influences,  extrinsic  and  intrinsic, 
help  to  direct  the  channels  in  which  life  runs.  It  is  necessary  to 
consider  other  causes  for  the  great  body  of  indifferent  characters 
or  traits  not  produced  by  adaptation,  and  apparently  not  yield- 
ing either  advantage  or  disadvantage  in  the  struggle  for  Ufe. 

4.  The  formation  of  species  of  animals  and  plants  through 
natural  selection  finds  an  analogy  in  the  formation  of  rivers 
through  gravitation.  Gravitation  is  the  motive  power  carrying 
the  waters  from  the  uplands  to  the  sea.  The  courses  of  streams 
are  determined  by  a  number  of  minor  influences  acting  in  con- 
currence with  gravitation,  the  final  result  far  more  complex  than 
the  single  cause  would  produce. 

5.  In  like  fasliion,  while  natural  selection  is  the  motive 
element  in  descent  or  evolution,  the  total  result  is  due  to  a 
concurrence  of  causes,  and  is  too  complex  to  be  explained  by 
natural  selection,  by  tlie  principle  of  utility,  or  the  survival  of 
the  fittest  alone,  and  the  varying  effects  must  be  ascribed  to  a 
varietv  of  causes. 

Certain  minor  traits,  as  color  patterns,  relative  proportions 
of  partii,  survive — apparently  without  special  utility,  but  because 
these  tTiiits  were  Iwrne  by  some  ancestors  or  group  of  ancestors. 
Tliis  has  Ix^en  called  the  Survival  of  the  Existing.  In  making 
up  tlie  fauna  or  flora  of  any  region  those  organisms  actually 
present  when  the  region  is  first  stocked  must  leave  their  qual- 
ities as  an  inheritance.  If  they  cannot  maintain  themselves 
their  breed  disappears.  If  they  maintain  themselves  in  iso- 
lation their  characters  remain  as  those  of  a  new  species.  In 
hosts  of  cases,  the  survival  of  characters  rests  not  on  any 
special  asefulness  or  fitness,  but  on  the  fact  that  individuals 
possessing  these  characters  have  inhabited  or  invaded  a  certain 
area.  The  principle  of  utility  explains  survivals  among  com- 
I)eting  structures.  It  rarely  accounts  for  qualities  associated 
with  gt*ographic  distribution.  The  nature  of  the  animals  which 
first  cohinize  a  district  nmst  determine  what  the  future  fauna 
shall  \ye.  From  their  actual  specific  characters,  larg(^ly  traits 
neither  us<»ful  nor  harmful,  will  be  derived  for  the  most  part 
the  s|>ecific  characters  of  their  successors. 

It  is  not  essential  to  the  meadow  lark  that  he  should  have 
a  black  blotch  on  the  breast  or  the  outer  tail  feathers  white. 
Vet  all  meadow  larks  have  these  marks,  as  all  shore  larks  possess 
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x:*T  :ir.v  r^-irje  t^tLiiA  :be  ear.  Any  riutfucter  of  the  parent 
s:ock,  irrJcL  n^T  coove  L&nnful  under  new  relations,  will  be 
eiirLina*.«  by  :La:-.:riI  5iei«^»n,  Thoee  especially  helpful  will 
be  iiiten«:5«  aii-i  n.<.>i:fe»i-  But  the  peat  body  of  characters. 
the  HiArkf  ty  wrJoh  we  iz»w  the  species,  will  be  neither  helpful 
nor  h'lnfuL  T:.r<e  will  be  Hieaninclea?  streaks  and  spots, 
variAtioii*  :n  size  of  pArts.  peculiar  lelations  of  scales  or  hair  or 
feather?,  little  n^ttrr?  which  can  neither  help  nor  hiu-t,  but 
wlJch  have  all  the  f^rrsister.ce  heredity  can  give. 

In  T*^t:%T*l  TO  nafiral  s<-lecTion  oiu*  knowleiipe  seems  positive. 
In  recani  t^"*  r:-<»^t  oxj.er  factors  of  oreanic  evolution  we  have 
to  df-al  >o  far  not  ^ith  clearlv  denionstratetl  facts  but  with 
*'prol^Mr:M^  of  a  hieher  or  lower  order."  their  value  to  1h» 
ult  in  lately  >ho\*-n  by  exj^'riinent. 

In  this  eiinnwtion  the  following  words  of  Dr.  PMwin  Clrant 
Conklin  are  very  |)ertinent: 

*'0n  tho  wholp,  then,  1  lieliovp  thr  farts  which  are  at  present  at  our 
di<i/<rjal  juMify  a  n*tuni  t4)  the  |H>sition  t»f  Ihiniiii.  Neith«»r  Weis- 
niaiini-iiii  nor  I^inianki^m  alone  can  explain  the  causes  t)f  evolutitm. 
Hut  l>arwirii<fn  <-an  i-xplain  those  causi'S.  ]>:ir\«nn  en<lcavor«Ml  to  show 
that  variations.  jK-rhaps  i^vimi  adaptations,  were  the  n»sult  of  extrinsic 
factors  a<tiiiir  upon  the  oriraiiism,  an«l  that  these  variations  or  atlajH 
tations  wcri'  iiirn-as<'il  an<l  improved  by  natural  S(»lcctit)n.  Tliis  is,  1 
|j«*licve,  the  only  irntund  which  is  at  pn»s(Mit  tenable,  and  it  is  but 
another  te>tiniony  to  tlie  pT<»atness  of  that  man  of  men  that,  after 
explorinjr  for  a  s<'ore  of  years  all  the  ins  and  outs  of  pun*  s<dectit»n  aii<i 
pure  adaptation,  men  are  now  coming  back  to  the  position  outlined 
and  unswervindv  maintained  bv  him." 

Finally  w(»  oii^ht  nr)t  to  supjK)se  that  we  have  already 
reached  a  satisfactory  solution  of  the  evolution  problem,  or 
are,  indeed,  near  such  a  solution. 

"\V(»  must  not  conceal  from  ourselves  the  fact,*'  says  Roux.  "that 
the  causid  invest iirat ion  of  orjjanisms  is  one  of  the  most  difficult,  if 
not  the  m<»st  tlifficult,  problems  which  the  human  intellect  has  at- 
ti'inpted  to  solv(»,  and  that  this  inv(»stipation,  like  every  causal 
.Hi*i<'nce,  can  never  n»ach  completen(»ss,  since  every  new  cause  ascer- 
tained only  ^ivt's  rise?  to  fresh  (jm^stions  concerning  the  cause  of  this 
eaiLse." 
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In  order  to  explain  certain  important  phenomena  outside 
the  apparent  range  of  natural  selection,  a  theory  of  another  sort 
of  selective  activity  is  recognized  hy  many  biologists.  Tliia  ]b 
the  theory  of  Sexuat  Selection  first  propounded  by  Darwin. 


I )iffrTCMcca  between  ninlc  ami  fouiiile  indiviiliKil.H  of  the  same 
spcciiti  are  the  rule  rather  than  the  ex('P|ition  (Fig.  4()).  .Many 
i»f  tliejic  differcnrcs  are  what  might  be  calleil  Hip  nrrf^s.sary  ones 
due  to  the  particular  functions  o.s.'^iimcHl  hy  each  individual  iutliis 
difTfrrnliatidu  of  sex.  Of  thiw  nature  arc,  beside.s  llinsc  funda- 
tiirntul  ones  of  the  primary  reproductive  ones,  such  others  as 
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those  specially  connected  with  the  care  and  rearing  of  the 
young;  as  the  niamma?  of  female  mammals^  the  brood  pouches 
of  the  female  kangaroos  and  opossums,  etc.  But  a  moment's 
reflection  calls  to  mind  the  existence  of  a  host  of  other  differ- 
ences between  males  and  females  of  the  same  species  which 
plainly  have  no  such  immediate  relation  to  the  distinct  functions 
or  duties  assumed  by  each  in  the  business  of  production  and 
care  of  young.  For  example,  the  long  plume  feathers  of  the 
male  bird  of  paradise,  the  curious  chitinous  horns  of  the  male 
leaf-chafer  beetles  (Fig.  41),  the  brilliant  plumage  of  many  male 
birds  as  contrasted  with  the  sober  dress  of  the  females,  and  a 
host  of  other  distinguishing  characteristics  of  the  sexes  in  many 
animal  species.  Now  these  differences  are  all  conveniently 
named  by  the  phrase  "  secondary  sexual  differences,"  and  the 
explanation  of  their  origin  has  come  to  be  one  of  the  most 


Fio.  41. — Male  ami  female  Scaral>oi<l  booties.  Phnnetis  mexicanus.  nhowinfc  nex  dimur- 
phisiu;  the  mule  with  ))roiinnent  donml  hum  on  head.     (From  t»|>eciinen:».) 

puzzling  of  biological  problems.  Tlie  most  familiar  and,  for 
many  years,  a  widely  accepted  solution  of  this  prol)lem,  is  that 
embraced  in  the  theory  of  sexual  selection  proposed  and  fought 
for  by  Darwin  and  Wallace,  but  later  discarded  by  the  latter 
of  tliese  great  naturalists. 

Before  taking  up  the  sexual  selection  explanation  of  dis- 
tinguishing sex  cliaracters,  it  is  well  to  pay  a  little  further 
attention  to  the  characters  tliemselves.  And  for  this  pur|K>se  a 
rough  grouping  or  chissification  may  be  attemptwl. 

The  characters  may  be  of  s|)ecial  use  to  the  ix)ssessor  (male 
or  female)  or  for  the  benefit  of  the  young,  such  as  wea|K)ns  of 
offense  and  defense  (antlers  of  male  deer,  stings  of  female  bee 
and  wasp,  tusks  of  male  swine,  etc.),  or  special  organs  for  mat- 
ing (seizing  and  liolding  organs  of  certain  male  crabs,  suckerhke 
holding  parls  on  the  feet  of  male  water  l)eetles  (Fig.  42),  or  special 
locomotory  organs  (presence  of  wings  in  the  male  and  their 
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absence  in  the  female  in  numer- 
ous insect  species),  or  special 
sense  organs  (the  much  more 
expanded  antenme  of  male  cecro- 
fna,  promethea,  polyphemu»,  and 
other  bomb)  cine  moths,  as  com- 
pared with  those  of  the  female), 
or  spcKiial  structures  for  the  care 
of  the  young  (iiulk  glands  of 
female  mammals,  brood  pouches 
of  female  marsupials,  pits  on  the 
back  of  the  male  of  the  frog  Pipa 
(Fig.  43),  for  carrying  the  eggs, 
etc.),  or  recognition  marks  (the 
eye  spots,  collars,  wing  bands, 
tail  hlotchea,  and  such  other  con- 
spicuous color  spots  and  mark- 
ings possessed  by  the  males  and 
wanting  in  the  females  of  various 
bird  species),  or,  finally,  char- 
acters cimnecfed  with  sperial 
habits  of  one  sex  differing  from 
those  of  tlie  other  (the  pollen 
baskets  and  wax  plates  of  the 

worker  female  honey  bees,  the  winglessnoKS  of  rrrt^in  female 
imrasitic  insects,  the  males  being  nonparasitic  and  \vinge<l,  etc.). 
The  8i>ecial  charartors  may  be 
apjMrently  for  the  purjKisc  of  attract- 
ing or  exciting  the  other  sox,  as  the 
brilliant  colors,  markings,  and  other 
ornamentation  of  many  nialc  birds, 
Konie  mammals,  and  some  re])tiles 
and  very  many  fishes,  and  the  cries 
and  songs,  si)oci«l  odors,  and  curious 
antics  or  dancing  of  the  males  of 
various  aiiiinats  (nianimaLs,  birds, 
spiders,  insects,  etc.).  In  many  of 
these  cases  tlin  special  secondary 
sexual  characters  ap|)<<ar  only  during 
the  breeding  season;  in  others  they 
are  persibteut. 


I'm.    M.  —  A    mils    (rot,     Pipa 
on  it*  bMk.     (AfUr  Dwwin.) 
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The  characters  may  also  be  of  the  type  called  reciprocal, 
that  is,  organs  which  exist  in  functional  condition  in  one  sex,  but 
in  the  other  appear  in  rudimentary  and  often  nonfunctional 
forms,  as  the  reduced  horns  of  female  antelopes  and  goats,  the 
undeveloped  stridulating  organs  of  female  crickets  and  katydids, 
small  spurs  on  the  female  pheasant,  reduced  mamma*  of  male 
mammals,  undeveloped  mimicry  of  male  butterflies,  etc. 


Fio.  44. — Male  (A)  and  female  (B)  of  the  fly,  Calotarta  irungnia  Aid.,  showini^  aecondary 
sexual  cliaracteristics  un  the  feet  of  the  male.     (After  Aldrich.) 

Finally  the  characters  may  be  indifferent,  that  is,  without 
any  apparent  utility;  as  the  reduced  wings  of  numerous  female 
insects,  the  rudinientarv  alinientarv  canal  of  the  male  Rota- 
toria,  absence  of  antlers  of  female  deer,  loss  of  wings  in  insect 
females,  small  (iifferences  in  size  and  markings  between  males 
and  females,  slight  differences  in  wing  form  in  hunmiingbirds, 
dragon  flies,  and  butterflies,  differences  in  number  of  tarsal 
and  antennal  segments  in  insects,  etc. 

The  explanation  of  these  various  differences  between  males 
and  females  j)lainly  cannot  be  a  single  one.  The  extreme  vari- 
etv  of  the  secondarv  sexual  differences  of  itself  makes  it  neces- 
sary  to  find  more  than  one  explanation  for  their  existence.  To 
take  the  most  obvious  case,  it  is  apparent  that  the  useful 
characters,  such  as  the  fighting  antlers  of  the  male  deer,  can  be 
explained  probably  by  natural  sehu'tion.  At  least  these  char- 
acters fall  readily  into  line  witii  ])recisely  that  tyi)e  of  useful 
specialization  for  whose  ex])lanati()n  we  rely  on  natural  selec- 
tion. So  practically  all  tiiosc*  secondary  sexual  characters  of 
our  first  category,  namely,  tiiose  obviously  useful  to  the  ix)&- 
sessor  or  to  its  young,  such  as  organs  of  offense  and  defense, 
brood   jH)uches,   food-producing  or  gathering   organs,   special 
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means  ot  locomotion,  etc.,  may  be  considered  to  offer  no  special 
problem.  Although  indeed  the  reason  why  these  useful  char- 
acteristica  should  be  possessed  by  but  one  sex  is  by  no  means 
always,  or  perhaps  even  often,  plain  to  us. 

But  the  real  problem  presented  by  secondary  sexual  char- 
acters is  that  thrust  on  us  by  the  nomiseful  and  even  appar- 
ently disadvantageous  differences.  Why  the  male  bird  of  para- 
dise should  be  decked  out  in  a  plumage  certain  to  make  it 
a  conspicuous  object  to  every  enemy  it  has,  and  of  a  weight  and 
difficulty  of  manipulation  that  must  mean  a  constant  demand 
on  the  strength  and  attention  of  the  bird,  is  a  question  that 
demands  a  special  answer.  In  the  same  case  with  the  bird 
of  paradise  are  tlie  peacock,  the  gorgeous  male  pheasant  (Fig.  45), 


many  humminghirdH  (Fig.  40),  etc.  Xow  tn  oxjUain  those  cx- 
tracmlinary  secondary  s<'xuul  difTcronoes  the  theory  of  wcxual 
selertitm  has  been  deviw-d. 

Tliis  theory,  in  fow  words,  i«  that  there  is  pnirticully  a 
coMii>etition  or  struggle  for  mating,  »nd  that  those  iiuilcs  arc 
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successful  in  this  struggle  which  are  the  strongest  and  best 
armed  or  equipped  for  battle  among  themselves,  or  which  are 
most  acceptable  by  reason  of  ornament  or  other  attractiveness 
to  the  females.  In  the  former  case  mating  with  a  certain 
female  depends  upon  overcoming  in  fight  the  other  suitors,  the 
female  being  the  passive  reward  of  the  victor;  in  the  second  case 
the  female  is  presumed  to  exercise  a  choice,  this  choice  depend- 
ing upon  the  attractiveness  of  the  male  (due  to  color,  pattern, 
plumes,  processes,  odor,  song,  etc.).  The  actual  fighting  among 
males,  and  the  winning  of  the  females  by  the  victor  Ls  an  ob- 
served fact  in  the  life  of  numerous  animal  species.  But  a  spe- 
cial sexual  selection  theory  is  hardly  necessary  to  explain  the 
development  of  the  fighting  equipment,  antlers,  spurs,  claws, 
tusks,  etc.  This  fighting  array  of  the  male  is  simply  a  six?cial 
phase  of  the  already  recognized  intraspecific  struggle ;  it  is  not  a 
fight  for  room  or  food,  but  for  the  chance  to  mate.  But  this 
chance  often  depends  on  the  issue  of  a  Ufe  and  death  struggle. 
Natural  selection  would  thus  account  for  the  development  of 
the  weapons  for  this  purpose. 

For  the  development,  however,  of  such  secondary  equal  char- 
acters as  ornament,  whether  of  s[)ecial  plumage,  color,  pattern,  or 
processes,  and  song,  and  special  odors,  and  "love  dancing,"  the 
natural  selection  theory  can  in  no  way  account;  t'he  theory  of 
sexual  selection  was  the  logical  and  necessary  auxiliary  theory, 
and  when  first  proposed  it  met  with  quick  and  wide  acceptance. 
Wallace  in  particular  took  up  the  theory  and  applied  it  to  ex- 
plain many  cases  of  remarkable  plumage  and  pattern  develop- 
ment among  birds.  Later,  as  he  analyzed  more  carefully  his 
cases,  and  those  proposed  by  others,  he  became  doubtful,  and 
finally  wholly  skeptical  as  to  the  theory. 

The  theory  as  proposed  by  Darwin  was  based  on  the  follow- 
ing general  assumptions,  for  the  proof  of  each  of  which  various 
illustrations  were  adduced.  First,  many  secondary  sexual 
characters  are  not  explicable  by  natural  selection;  they  are  not 
useful  in  the  struggle  for  Hfe.  Second,  the  males  seek  the 
females  for  the  sake  of  pairing.  Third,  the  males  are  more 
abundant  than  the  females.  Fourth,  in  many  cases  there  is  a 
struggle  among  the  males  for  the  possession  of  the  females. 
Fifth,  in  many  other  cases  the  females  choose,  in  general,  those 
males  s])ecially  distinguished  by  more  brilliant  colors,  more 
conspicuous  ornaments,  or  otlier  attractive  characters.     Sixth, 
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many  males  sing,  or  dance,  or  otherwise  draw  to  themselves 
the  attention  of  the  females.  Seventh,  the  secondary  sexual 
characters  are  especially  variable.  Darwin  believed  that  he 
had  observed  certain  other  conditions  to  exist  which  helped 
make  the  sexual  selection  theory  probable,  but  the  conditions 
not<Hl  are  sufficient  if  they  are  real. 

Exposed  to  careful  scrutiny  and  criticism,  the  theory  of 
sexual  selection  has  been  relieved  of  all  necessity  of  explaining 
any  but  two  categories  of  secondary  sexual  characters;  namely, 
the  special  weapons  borne  by  males,  and  special  ornaments  and 
excitatory  organs  of  the  males  and  females.  For  examination 
has  disclosed  the  fact  that  males  are  not  alone  in  the  possession 
of  special  characters  of  attraction  or  excitation.  Regarding 
these  two  categories  Plate  in  his  able  recent  defense  of  Darwinism, 
says  "the  first  part  of  this  theory,  the  origin  of  the  special 
defensive  and  offensive  weapons  of  males  through  sexual  selec- 
tion, is  nearly  universally  accepted.  The  second  part  of  the 
theory,  the  origin  of  exciting  organs,  has  given  rise  to  much 
controversy.  Undoubtedly  the  presumption  that  the  females 
compare  the  males  and  then  choose  only  those  which  have  the 
most  attractive  colors,  the  finest  song,  or  the  most  agreeable 
o<lor,  presents  great  difficulties,  but  it  is  doubtful  if  it  is  possible 
to  replace  this  explanation  by  a  better."  Some  of  these  diffi- 
culties mav  be  brioflv  enumerated. 

The  theory  can  be  applied  only  to  species  in  which  the 
males  are  markedly  more  numerous  than  the  females,  or  in  which 
the  males  are  polygamous.  In  other  cases  there  will  be  a  female 
for  each  male  whether  he  be  ornamented  or  not ;  and  the  unor- 
namented  males  can  leave  as  many  progeny  as  the  ornamented 
ones,  which  would  prevent  any  accumulation  of  ornamental 
variations  by  selection.  As  a  matter  of  fact,  in  a  majority  of 
animal  species,  especially  of  the  higher  vertebrates,  males  and 
females  exist  in  approximately  e(|ual  numbers. 

Ob«ervation  shows  that  in  most  species  the  female  is  wholly 
passive  in  the  matter  of  pairing,  accepting  the  first  male  that 
offers.  Note  the  cock  and  hens  in  the  barnyard,  or  the  fur  seal 
in  the  rookeries. 

Ornamental  colors  are  as  often  a  characteristic  of  males  of 
kinds  of  animals  in  which  th(»re  is  no  real  pairing,  as  among 
those  which  [)air.  How  explain  by  sexual  selection  the  nMnark- 
able  colors  in  the  breeding  season  of  many  fishes,  in  which  the 
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female  never,  perhaps,  sees  the  male  which  fertilizes  her  dropped 
eggs?  In  many  fishes  the  spring  ornamentation  of  the  males  is 
just  as  marked  and  just  as  brilliant  as  in  the  birds  or  other 
animals  of  much  higher  intelligence  and  corresponding  power  of 
choice.  Witness  the  homed  dace,  chubs,  and  stone  rollers  in 
any  brook  in  spring. 

Choice  on  a  basis  of  ornament  and  attractiveness  implies  a 
high  degree  of  aesthetic  development  on  the  part  of  the  females 
of  animals  of  whose  development  in  this  line  we  have  no  other 
proof.  IndcHKl,  this  choice  demands  aesthetic  recognition  among 
animals  to  wliich  we  distinctly  deny  such  a  development,  as 
the  butt  erf  iii*8  and  other  insects  in  which  secondary  sexual 
characters  of  color,  etc.,  are  abundant  and  conspicuous.  Sim- 
ilarly with  practically  all  invertebrate  animals.  Fiuther,  in 
those  groujMi  of  higher  animals  where  aesthetic  choice  may  be 
presumed  [)ossiblo,  we  have  re|x?ated  e\idence  that  preferences 
vary  with  individuals.  Certainly  they  do  with  men,  the  animal 
s[K*cios  in  which  such  preferences  certainly  and  most  conspicu- 
ously exist. 

In  some  human  races  hair  on  the  face  is  thought  l>eautiful; 
in  others,  u^ly.  I^('si<l(\s  ovon  if  we  may  attribute  fairly  a  cer- 
tain amount  of  ii^sthetic  f(M'ling  to  such  animals  as  mauunahs  and 
birds,  is  tliis  f(M'li?ig  so  kren  us  to  lead  the  female  to  have 
preference  anionj;  only  slightly  difTering  patterns  or  songs? 
Vet  this  assumption  is  necessary  if  the  development  of  ornament 
and  other  attracting  and  exciting  organs  is  to  \yc  explain(*d  by 
the  s('l(»('tion  and  gradual  accunmlation  through  generations  of 
slight  fortuitously  ap|K»aring  fluctuating  variations  in  the  males. 

There  are  actually  very  few  recordinl  cases  in  which  the  ob- 
server  belie* ves  that  he  has  noted  an  actual  choice  by  a  female. 
Darwin  nM'onis  eight  cas(\s  among  birds.  Since  Darwin,  not 
more  than  half  a  dozen  othcT  cases,  all  doubtful,  have  l>een 
noted.  Also  a  few  instances,  all  more  illustrative  of  s<»xual 
excitation  of  females  resulting  from  the  perception  of  oiior  or 
actions,  than  any  degree  of  choice  on  their  part,  have  been 
listed. 

In  nuniei'ons  cases  the  so-called  attractive  characters  of  the 
males,  describe* i  usually  from  preserved  (museum)  S[x»cinuMis. 
have  been  found,  in  actual  life,  to  be  of  such  a  character  that 
they  cannot  be  noted  by  the  female.  For  example,  the  brilliant 
colors  and  curious  horiLS  of  the  males  of  the  dung  beetles  are,  in 
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life,  alwavs  so  obscured  bv  dirt  and  filth  that  there  can  be  no 
question  of  display  to  the  female  eye  about  them.  The  dancing 
swarms  of  many  kinds  of  insects  are  found  to  be  composed  of 
males  alone  with  no  females  near  enough  to  see;  it  is  no  case  of 
an  excitatory  flitting  and  whirling  of  many  males  before  the  ej'es 
of  the  impressionable  females.  Of  many  male  katydids  singing 
in  the  shrubbery  will  not  for  any  female  that  particular  song  be 
loudest  and  most  convincing  that  proceeds  from  the  neiirest 
male,  not  the  most  expert  or  the  strongest  stridulator?  Simi- 
larly with  the  flitting  male  fireflies;  will  not  the  strongest  gleam 
be,  for  any  female,  that  from  the  male  which  happens  to  fly 
nearest  her,  and  not  from  the  distant  male  with  ever  so  much 
better,  stronger  Ught?  Even  in  the  human  species,  propin- 
quity is  recognized  as  the  strongest  factor  in  the  choice  of  mates. 

Several  other  serious  objections  can  also  be  urged  against 
the  sexual  selection  theory,  but  the  most  important  one  of  them 
all  is  that  all  the  evidence  (though  it  is  little  in  quantity  as 
yet,  although  of  good  quality)  based  on  actual  experiment,  is 
Ftrongly  opposed  to  the  validity  of  the  assumption  that  the 
females  make  a  choice  among  the  males  based  on  the  presence 
in  the  males  of  ornament  or  attractive  colors,  pattern,  or  s]>erial 
structures.  Such  experiments  have  been  undertaken  by  Diiri- 
gen  and  Douglas  with  lizards,  and  by  Mayer  with  moths. 

It  must  be  said,  however,  in  closing  this  brief  discussion 
of  the  sexual  selection  theory,  that  no  replacing  or  substitute 
theory  of  anything  Hke  the  same  plausibility  has  yet  been 
offered  to  take  its  place. 

There  is  no  question  that,  in  many  cases,  l)rillianry  of 
breeding  colors,  development  of  processes,  and  the  like,  is 
often  correlated  with  superior  vigor.  This  is  especially  true 
among  fishes  and  birds.  This  reason  could,  however,  not  at 
all  account  for  such  structures  as  the  highly  specialized  stridu- 
lating  organs  of  certain  insects.  The  problem  of  tlie  secondary 
sexual  characters,  especially  of  those  which  see^n  to  stand  in 
op|x>sition  to  the  natural  selection  theory,  is  one  of  tlie  most 
pressing  in  present-day  biology. 


CHAPTER  VI 
ARTIFICIAL  SELECTION 

We  can  command  Nature  only  by  obeying  her  laws.  This  prin- 
ciple is  true  even  in  regard  to  the  astonishing  changes  which  are  super- 
induced in  the  qualities  of  certain  animals  and  plants  in  domestication 
and  in  gardens. — Lyell. 

Varieties  are  the  product  of  fixed  laws,  never  of  chance.  With  a 
knowledge  of  these  laws  we  can  improve  the  products  of  nature,  by 
employing  nature's  forces  in  ameliorating  old  or  producing  new  species 
and  varieties  l)etter  adapted  to  our  necessities  and  tastes.  Breeding 
to  a  fixed  line  will  produce  fixed  results.  There  is  no  evidence  of 
any  limit  in  the  production  of  variation  through  artificial  selection; 
especially  if  preceded  by  crossing. — Luther  Burbank. 

The  name  Selection  has  boon  long  uso<l  for  the  process  by 
which  br(»o(is  or  races  of  domestic  animals  or  plants  have  been 
formed  in  the  past,  and  for  the  process  by  which  the  skill- 
ful breeder  can  develop  new  forms  at  will.  This  latter  proc- 
ess, called  by  Youatt  "the  magician's  wand,"  by  which  the 
breeder  can  summon  up  any  form  of  animal  which  may  meet 
his  needs  or  j)lease  his  fancy,  has  Ix^en  esi)ecially  designated  as 
Artificial  SehM't  ion.  By  it  we  have  derived  all  of  our  famil- 
iar hosts  of  varieties  of  domesticated  animals  and  plants.  Tlie 
similar  j)rocess  in  nature  was  accordingly  designated  by  Darwin, 
Natural  S(»lecfion.  It  refers  to  the  development  or  increase 
of  traits  ada|)tive  or  advantageous  in  the  life  of  a  species, 
through  the  survival  for  re])rodiiction  of  a  greater  proiwrtion  of 
individuals  }>ossessing  the  characters  in  question  than  of  those 
which  do  not.  In  any  race,  it  is  the  individual  which  succeeds 
in  reaching  maturity  which  determines  the  future  of  the  race. 
The  (pialities  of  the  multitude  which  die  prematurely  are 
naturally  not  repeated  in  heredity.     In  general,  the  forms  pro- 

80 


'  ARTIFICIAL  SELKrriOM 


dured  in  artifieial  selection  arc  not  those  whirh  could  arise 
or  even  exist  in  nature.  In  nature,  liardiness  or  power  of 
rcsiatance  in  competition  or  the  struggle  for  existence  is  all 
iiii|>ortanl.  In  arlifidal  sclc<^tion  stress  is  laid  chiefly  on  char- 
iicicrs  us(.'fiil  or  attractive  to  man.  From  the  standpoint  of 
[-.■If  dei>endence,  tlie  iniprovejiieiits  due  to  artificial  selection 
constitute  a  sort  of  rirtrogrission. 

In  general,  tlie  production  of  a  new  race  of  animals  or  plants 
in  doiiii^lication  is  the 
(iiitiromo  of  the  work  of 
;.  tumitier  of  factors,  in 
whirl)  human  or  artificial 
scleeUoii  plays  a  leading 
purl,  u  part  which  in- 
creases in  importance 
with  the  ilcgrce  of  intcl- 
hgent  choice  concerned 
ill  it. 

In   the  fomialion  of 

1'  race  of  animals  or 

ft,  »ve  iii»y  havcllie 
lowing  stages  or  fact- 

I.  Unconscious  se- 
kion  with  itior<>  or  less 
nipletR  isolation. 

"onsi'inus  selec- 
1  of  llio  moat  desira- 
ftindiriditals. 
[  3.  Conscious  sclec- 
dircctcd  toward 
initc  or  s|)cci.il  ends. 
.  CVoseing  with  other  races  or  with  otlier  s|)ecios  (known 
■  hybridixing),  iti  orilor  to  incrcMse  the  range  of  variitlion,  or 
idd  or  combine  certain  specific  dcsirahlc  qualities  or  to  elimi- 
i>  ihoAo  und(«irable,  this  accompanied  hy  conscious  selection 
fertcd    toward   definite   ends.     On  tliis  series  of  processes 

dine  HH  a  fitic  art  nuist  depend. 
I  Taking  as  an  illustration  some  of  the  breeds  of  medium 
pnl  ahcwp  found  in  Soul  hern  Kngland:  we  have  (1)  the  donies- 
btion  (»f  shci'p  in  each  of  the  different  countii^  or  nitlural 
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areas.  In  tho  bcpnning  men  are  salisfiwi  with  shppp  as  ahccp. 
Little  attention  is  paid  to  the  distinction  among  individiuiU. 
Tliose  whidi  are  feeble,  ill  nourished,  imtamable,  scant-flecceii, 
or  otherwise  unfit  will  be  eliminated,  a  process  whieh  will  lend 
to  improve  the  stock,  without  giving  tlie  race  distinetive  qvmli- 
ties,  except  as  compared  with  the  wild  original.  To  form  dis- 
tinct races,  the  factor  of  isolation  must  enter.  Those  in  one 
county,  for  example.  wiU  lie,  at  the  beginning,  somowliat 
different  from  those  in  an- 
other. Each  herd  will  show 
its  own  traits  in  time,  these 
due  primarily  tn  difTerencirs 
in  the  original  stock, 
secondarily  to  the  pre- 
dominance of  one  form  of 
variation  over  othent.  Ex- 
changes of  sheep  will,  by 
crosa-brceding,  tend  lo 
unify  the  typo  of  Khoep  in 
some  one  county,  or  oa 
wimr  side  of  a  Iwrrier  across 
which  sheep  are  not  driven. 
With  this,  there  will  Im>  tiim 
vnrintioiis  in  the  character 
of  the  uiicouscious  selec- 
tion. One  type  of  sheep 
will  flourish  in  a  meAdow 
ciiimty,  another  on  a  moor, 
and    still    another   on   the 

KiB.  47.— ».lv«-1m«.l  Wy»nd..lH>  dockprel.        '""t'^y    hl'Is.      At    lUiy    Talc, 

(AfMr  |ihr)iocrs[>h.)  OH  Ihc  environment  vsrips, 

so  will  the  character  of  tho 
selecrioD.  TliiLs  as  a  final  rosull,  in  Kouthem  England,  the 
Sonlhdown  sheep  o(  Sussex  have  tawny  faces  and  lepa;  the 
sheep  of  Haniiwhire  have  black  faces,  ears,  and  legs,  with  a 
black  BjKJt  under  the  tail ;  this  black  spot  is  lacking  in  the  sheep 
of  Devon.  In  the  Cheviot  sheep  the  face  and  ears  are  white,  the 
head  free  from  wool,  while  the  ears,  unlike  ihoae  of  most  of  the 
others,  stand  erect.  In  the  dnn-facetl  Shropshire  shi-eit.  the 
faces  are  more  or  less  covered  by  wool.  All  these  are  hornless, 
while  Ihe  more  primitive  Dorset  sheep  with  white  face  and  cars 
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have  almost  always  smalt  curved  homs  which  are  white,  not 
black,  as  in  the  still  more  primitive  Irish  breed.  Most  of  these 
distinctive  traits  offer  neither  advantages  nor  disadvantages 
either  to  the  sheep  or  its  owner.     They  are  nonadaptive  or 


Pio.  tt.— Poll«d  Wddi  iliMp,  •  priniltiTS  type,  lean  ud  (omt  wcwled.    (After  Yoiutl.) 

indifferent  characters.  These  characters  are  therefore  asso- 
ciat«d  with  the  hereditary  traits  of  the  original  stock.  They 
are  preserved  through  segregation  and  I  hoy  are  lost  when  herds 
from  different  counties  freely  intermingle.  Free  interbreeding 
would  give  a  new  and  relatively  uniform  rape  of  shcej)  over  the 
whole  area  occupied  by  these  separate  tirccdH. 
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At  this  point  we  may  conceive  that  (2)  conscious  selection  of 
the  more  tle»irable  individuals  appears.  Tlirough  its  agency, 
Hampshire,  Shropshire,  Cheviot,  and  ^uthdown  sheep  alike, 
and  the  othera  in  their  degree,  tend  toward  larger  size,  more 
wool,  plumper  bodies,  earlier  maturity,  greater  docility,  greater 
fertility,  or  whatever  \'irtiies  the  average  shepherd  may  prize  in 
a  sheep.  While  in  race  trait.s,  the  breeds  (uncrossed)  tend  to 
diverge  from  one  another,  in  these  adaptive  qualities,  their 
tendency  i«  to  run  |>arallel — or  even  to  converge  toward  greater 
resemblance. 

Willi  eonsciou.s  selection  ('.i),  there  is  first  a  tendency  to 
emphasize  the  qualities  of  desirable  breeds.     If,  for  example, 


Fin.  iW.— Tyi.icnl  Snulli 
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the  Hampshire  is  a  favorite  breed,  the  individual  showing  most 
distinctly  black  cars,  legs,  and  face  will  \>c  preferred  by  hreeilers 
to  those  having  these  [larts  pale.  Again,  new  jvoints  of  s[]eciul 
excellence  will  api>ear  in  the  bre*-*!  and  these  will  l)e  delil>eralcly 
eni])liiusiK(Hl,  anil  |H'rha|)s  by  coiitiuutiits  selecti<m  a  new  bre*^! 
will  1m-  fiiniied  having  one  or  more  of  these  as  a  distinctive  trait. 
Ai:eiirdiiig  to  Somerville,  one  may  chalk  out  on  a  wall  any 
form  or  tyi>c  of  sheej)  lie  may  like,  and  then  in  time  reproduce 
it  through  selective  breeding. 

In  Nova  Scotia,  Mr.  A.  firahain  Bell  has  develojied  a  new 
breed  of  sheep  by  selection,  its  distinctive  character  iK-ing  in  the 
increased  milk  ilow,  with  an  increased  number  of  teats. 
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I  At  Chillenham,  in  England,  is  still  preserved  a  herd  of  the 
fpnal  wild  wliite  Knglisli  cattle,  from  which  most  or  all  of  the 
Kish  breetla  are  said  to  be  descended.  It  is  stated  that  l^ord 
iwdiir  haa  offered  to  reproduce  tliie  herd,  by  selection  alone,  in 
!  re  or  four  generations,  using  the  relatively  primitive  Welsh 
li  llo  as  lii.'«  baxe  of  o|>eralions. 

In  general,  those  characters  which  are  usually  affecteil  by 

'  l>-flioi»,  whether  natural  or  artificial,  are  characters  of  degree. 

They  are  matters  of  more  or  lewf,  a  greater  or  less  degree  of 

^Bbengtb,  swiftness,  size,  endurance,  fertility,  capacity  to  hiy 


mini,  (iocilily,  intelligence,  or  of  wliatever  it  may  bo.  I'nder 
y  conditions  thew  characters  selected  are  not  traits  of 
|ilil y.  They  do  not  represent  a  new  thing,  a  new  acquisition, 
VadifTorenl  degreeof  development  of  an  old  one,  or.  at  most, 
igc  in  their  relative  arrangement,  an  alterftljon  of  bio- 
Ulcal  [wrspective. 

The  HiJiraciC'rs  which  ilistingiiish  true  breeds  aa  well  as  true 
I'l'iea  are  not  of  this  order.  They  are  in  their  essence  quali- 
I'ive  and  not  rjuantitfttive.  Thej'  are  not,  as  a  rule,  adaptive. 
'  tif  iwt  of  cprnTO  or  race  traits  is  as  good  as  another,  if  the  good 
I'-aliUea  or  adaptive  cpnditiea  arc  represented  in  an  equally 
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high  ticgroo.     llie  Sonthilown  aheep  am  valiiwl— luit  for  tlirif  I 
tvjiitlidown  traits,  but  for  the  exccUpiico  nf  their  iiiutton, 
1  riiil  with  which  middle  length  of  wotil,  tawny  Irfis.  naked  farnd,  ] 
drnoping  cuts,  and  abcienfo  of  honm  have  nothing  necessarily  to  I 
do.     Wc  value  these  race  traita  only  for  the  oilier  qualities  I 


which  have  been  in  a  high  degrt-c  associated  with  them  In  tlie 
heredity  of  the  rare. 

Under  crossing  and  selection,  nmcli  Ixilder  attempts  are 
possible.  When  parents  widely  divergent  are  crosa^i.  maiiy 
very  <iifrercnt  results  are  attained.  In  general  the  progeny,  si 
least  after  the  first  genoralion,  diverge  very  widely  from  one 
another.  8onic  will  have  the  gcxxl  traits  of  both  [mrent  etocks: 
some  will  have  the  uiiileHirable  ones;  aome  will  show  a  mosaic  of 
parental  characters;  some  a  more  or  leas  jicrfcct  Mend  of  eliiir- 
ucters,  thin  blend  1>eing  definable  as  a  finer  type  of  mosaic. 
Some  will  diverge  widely  from  either  stock,  often  showing  Intil^ 
either  remotely  ancestral  or  wholly  new,  l''rom  desirable  vari- 
ations of  this  sort  new  races  may  Ik-  developed,  each  succeeding 
generation  tending  to  give  greater  fixity. 

In  general,  wide  crosses  or  hybritls  arc  more  Hiieeeasfol  witli 
plants  tliau  with  animab,  because    the    mutual    adju»1mem 
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«iW  become  more  important  in  tlie  more  highly  specialized 
\  organisms.  Among  animals,  relatetl  species  often  cannot  be 
eroased  at  all;  the  germ  cells  refuse  to  intermingle.  Sometimes 
there  is  a  very  imperfect  mingling  and  the  resultant  animal  is 
divided  within  itself  and  does  not  live  long.  An  example  of  this 
is  9«'<'n  in  Hr.  Mnenklmiis's  cross  of  the  silversiilp  [Mimidin) 
with  the  killifish  (Fundtil'is).  The  unmixed  chromosomes  of  the 
gfrrtii-Cfli  micleiis  an>  s<>cn  unhjendeil,  (hriiugli  several  segmen- 
tations of  I  he  egg. 

In  the  case  of  the  mule,  Ihe  cross  of  the  horse  with  the  ass, 
thf  hybridixation  is  readily  effected,  bnt  the  resultant  offspring 
is  sterile.     Preaimiably  the  hereditary  difference  in  the  repro- 


Ibrtive  organs  in  thr  two  imrentul  strains  is  loo  great  to  allow 

e  normal  development  of  generative  organs  in  the  progeny. 

In  general,  crosses  lietween  closely  related  species  are  fertile, 

•  dcgref'  of  ferlility  Iwlng  less  as  the  parent  species  are  more 

klely  differentiated.     Among  animals,  any  great  difference 
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between  the  parent  stocks  renders  hybridization  impossible. 
But  among  plants,  when  hybrids  are  actually  formed,  fertility 
rather  than  sterility  may  be  taken  as  the  rule.  This  is  the  case 
with  Mr.  Luther  Burbank's  Primus  berry,  a  cross  between  the 
Siberian  raspberry  (Rubus  cratcegifolius)  and  the  Califomian- dew- 
berry or  blackberry  (Ritbus  ursinus).  In  this  form  the  fruit 
excels  in  size  and  abundance  either  parent,  and  the  h3'brid 
breeds  true  from  the  seed,  and  ripens  before  either  parent  begins 
to  bloom.  It  was  fixed  in  the  first  generation,  t>eing  in  this  re- 
gard a  rare  exception  to  the  general  rule  of  the  aberration  of 
hybrids.  In  this  and  in  other  respects  the  Primus,  known  to 
be  an  intentional  cross  of  two  species,  behaves  as  though  it 
were  a  distinct  species.  In  like  fashion,  the  liOgan  berry,  the 
product  of  an  accidental  cross  at  Santa  Cruz,  in  California,  of 
the  pAiropoan  raspl>erry  with  the  native  dewberry,  behaves  also 
like  a  distinct  species,  and  is  also  much  superior  in  productive- 
ness to  either  parent. 

The  fine  art  of  the  horticulturist  is  seen  in  the  selection  and 
fixing  of  the  variations  produced  by  crossing  and  hybridization. 
While  most  of  the  forms  thus  obtained  are  worthless,  a  few 
will  show  decided  advances.  Often  as  much  progress  may  l>e 
made  in  a  single  successful  cross  or  hybridization  as  in  a  dozen 
or  even  a  lumdreii  generations  of  pure  selection. 

By  sol(»ction  alone,  however,  important  results  may  be 
obtained,  with  time  and  patience.  Given  a  variation  in  a  de- 
sired direction  there  is  perhaps  no  actual  limit  bounding  the 
possibilities  of  selection  unlass  arising  through  external  or  me- 
chanical conditions.  Thus  selection  for  speed  of  horses  is  limited 
by  the  strength  of  the  material  of  which  a  horse's  leg  is  com- 
posed. The  increase  in  the  number  of  petals  may  be  limited 
by  the  space  on  wliich  j>etals  can  stand,  and  the  number  of 
leaflets  in  a  leaf  by  the  length  of  the  rhachis.  Still  there  are 
known  cas(\s  in  which  a  positive  limit  has  been  reached  in  at- 
tempting to  modify  organisms  by  selection  alone. 

Accidental  crossing  within  a  species  may  form  a  useful  basis 
for  selection.  Thus  from  the  see<ls  in  a  single  potato  ball  of  the 
Early  Rose  variety,  crossed  by  insects  with  an  unknown  parent, 
Mr.  Luther  Burbank  reared  potatoes  of  many  different  sorts: 
red  potatoes,  wliite  potatoes,  elongate  potatoes,  potatoes  rela- 
tively smooth  and  i)otatoes  all  eyes  and  "eyebrows."  Among 
all  these,  one  form,  long,  white,  smooth,  and  mealy,  seemed  far 
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superior  to  the  others.  From  the  Bubdivieion  of  the  tubers  of 
this  seedling  arose  the  Burbank  potato,  the  most  valuable 
variety  in  its  economic  relations  now  cultivated  in  America. 
But  with  the  choice  of  this  form  for  preservation,  selection 
ceased,  as  all  plants  of  the  Burbank  potato  in  cultivation  arc 


subdivisions  of  a  single  original  plant.     New  forms  would  come 
from  further  selection  of  the  Burbank  potato  soeil. 

As  illustrations  of  the  more  complex  art  of  hybridinalinn  and 
selection,  we  give  in  the  foHowing  paragraphs  a  brief  act^nint  of 
the  work  of  f.uther  Burbank,  the  most  ingenious  and  successful 
of  all  recent  experimenters  in  plant  breeding. 
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Biirbank  has  originated  and  Introduced  a  remarkable  series 
of  plums  and  prunes.  No  less  than  twenty  varieties  are  included 
in  his  list  of  offerings,  and  some  of  them,  notably  the  Gold, 


#••• 


WickBon,  Apple,  Octolxr  Purple.  Hialco,  ,\mericaji,  and  Qimax 
ptuiris  and  the  Splendor  and  Sugar  prunes,  are  among  the  hwt 
known  and  iiin«t  siifT'jpfiil  kinds  nnw  iin^ivn.  In  /idrhrinn,  |-,r- 
is  now  perfecliiiL'  ;i  >i lr-.<  i.lurr',  ainl  li:(>  ri .  .u,-, !  tin    ii  -,  ■- 


Afrrr  |ibnlncn«t>h  liy  tlur>'*Bk.) 


esting  pluinuot  by  liybridlzing  the  Jnpiuu^'  plum  (uid  the 
apricot.  The  plunieot,  however,  has  not  yet  become  a  fixdl 
variety  and  may  never  he,  as  it  tends  to  revert  t«  the  plum. 
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The  stoneless  and  seedless  plum  is  being  produced  by 
selection  from  the  crossing  of  the  deaccndania  of  a  single  fruit 
in  a  small  wild  plum  with  onty  part  of  a.  stone  with  the  French 
prune;  the  percentage  of  stoneless  fruits  is  gradually  increasing 
»4th  succeeding  generations.  The  sugar  prune,  which  promises 
to  supplant  the  French  prune  in  California,  is  a  selected  product 
of  a  second  or  third  generation  variety  of  the  Petit  d'Agen,  a 
very  variable  French  prune.  The  Bartlctt  plum,  cross  of  the 
bitter  Chinese  simoni  and  the  Delaware,  a  Burbank  hybrid,  has 
a  fragrance  and  flavor  extraordinarily  like  that  of  the  Bartlett 
pear.  The'  Climax  is  a  cross  of  the  simoni  and  the  Japanese 
Iriflora.  The  Chinese  simoni 
produces  alniost  no  pollen, 
only  a  few  grains  of  it  ever 
having  been  obtained,  but 
these  few  grains  have  en- 
abled Burbank  to  revolu- 
tionize the  whole  pltun 
shipping  industry.  Most 
of  Bur  bank's  plums  anil 
prunes  arc  the  result  of 
multiple  crossings,  in  which 
the  Japanese  Satsuma  has 
played  an  important  [Kirt. 
Hundreds  of  thnusanils  of 
seedlings  have  been  grown 
and  carefully  worked  over 
in  the  twenty  years'  experiineiiling  with  plums,  and  single 
trees  have  been  made  to  carry  as  many  as  (>00  varying  seed- 
ling grafts. 

Burbank  has  originated  and  introdureil  the  Van  Deman. 
Santa  Rosa,  Alpha,  Pineapple  "No.  80,"  the  flowcrhig  Ihixzlo, 
and  other  quinces;  the  Opulent  peach,  cross  bred  from  the  Muir 
and  Wager;  the  Winterstcin  apple,  a  seedling  variety  of  the 
Cravenstein;  and  has  made  interesting,  although  not  profitable, 
erosses  of  the  peach  and  nectarine,  peach  and  almon<I,  and  pliuii 
and  almond. 

Next  in  extent,  probably,  to  his  work  with  phims  is  his  long 
and  sucres.sful  experimentation  with  berries.  Tliis  work  has 
extended  through  twenty-five  years  of  cotislanl  iitli-nlion,  li;is 
involved  the  use  of  forty  different  spwies  of  llulius,  and  has 
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resiiltpd  in  the  origination  and  introduction  of  a  score  of  r 
commiTeial  varipties,  mostly  obtained  tlirougli  various  hybridi- 
zations of  dewlH'rripfl,  liliicklierries,  and  rnspberrirfl. 
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EDong  these  may  eapeciiilly  be   mentioneil    besides   the 

I  already  spoken  of,  tlie   Iceberg,  a  cross-bred  white 

Jib«T>'  derived  from  a  hybridization  of  the  Crystal  White 

!  parent)  with  the  Law-ton  (staminate  parent),  with 
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beautiful  snowj'-white  berries  so  nearly  transparent  that  the  I 
small  seeds  may  I>e  seen  in  them;  the  Japanese  Golden  May- 
berry,  a  cross  of  the  Japanese  R.  palmatus  (with  small,  tasteless, 
dingy  yellow,  worthless  l>erries)  and  the  Cuthbert,  the  hybrid 
growing  into  tret-like  bushes,  six  to  eight  feet  high,  and  bearing 
great,  sweet,  gokien,  seniitranslucent  Iwrries  whieh  riitrn  before 
strawberries;  the  Paradox,  an  oval,  light-red  I>erry.  oblaineil  in 
the  fourth  generation  from  a  cross  of  Crystal  White  Rlarkljrrry*  J 
and  Shaffer's  Colossal  Raspberry.  While  most  of  the  plants 
from  this  cross  are  partly  or  wliolly  barren,  this  [uirtieular  out- 
come is  an  unusually  prolific  fruit  producer. 

An  interesting  feature  of  Mr.  Burbank's  brief  & 


"New  Creations"  catalogue  of  1894,  of  Ihe  \xrTy  experimenla- 
tion  is  a  reprcMluction  of  a  photograph  showing  "a  sample  pile 
of  brush  12  feet  wide,  14  feet  high,  and  22  feet  long.  contaiuiuA 
65,000  two-  and  thrpe-y«ar  old  seedling  berry  bushes  (40.(Xi:) 
Blackberry  X  llaspberry  hybrids  and  25,000  Shaffer  X  tJregg 
hyhridH),all  dug  up  with  their  crop  of  rii>ening  berries."  The 
photograph  is  introduced  to  give  the  reailer  some  idea  of  the 
work  necessary  to  produce  a  satisfactory  new  rac*  of  berries. 
"Of  the  40,()ixt  Blackberry-Raspberry  hybrids  of  this  kind 
'Paradox'  is  the  only  one  now  in  existence.  From  the  other 
25,000  hybrids  two  dozen  bushes  were  reserved  for  further 
trial." 
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lipflving  Burbank'a  other  fruil  and  beiry  creations  un- 
noticed, we  may  refer  to  his  curious  cross-bred  walnut  rosulls 
(I'lL'-  ti3),  the  most  a.stoniwhinK  of  which  is  a  hybrid  between 


Califomira  (staniinatn  parent)  and  J.  nigra  (pistillate 

w»t),  whirh  ip-owa  with  an  aiimzing  viporand  rapidity,  the 

incTcatiing  in  size  at  Ica.'^t  twice  as  fust  as  the  eotiibine<l 

of  both  parents,  and  tlic  cleun-cut,  glosuy,  l>right  green 
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loavps.  from  two  to  three  feet  long,  having  a  sweet  odor  lik 
of  apples.  This  hybrid  prnducps  no  nuts,  but  curiously  c 
the  result  of  the  rovcrsp  fiyhrifiizalinn  (i.  c,  pnllcn  frorti  «t 


]iistils  of  Calilornicii)  produces  in  abundance  large  nula  of  a 
((uality  superior  to  that  possesaeil  by  either  parent, 

Of  new  vegetables  Burbank  has  introduced  bcsidea  the  Bur- 
bank  and  several  other  new  potatocB,  new  tontatoes,  Bquas)ic«, 
iisparagus,  etc.  Perhaps  the  most  interesting  of  his  exi>erinieDta  I 
in  this  field  is  his  attempt,  apparently  destined  to  be  fmcccssfiil,  ] 
to  produce  a  spineless  and  spinilcless  and  unusually  nutritious  ] 
ciictus  (the  8|)icules  are  the  minute  spines,  much  more  danger-  | 
ous  and  harder  to  get  rid  of  than  the  conspicuous  long  thornlilcc  I 
spines)  e<Iible  for  stock,  and  indeed  for  man.  This  work  is  I 
chiefly  one  of  pure  selection,  for  the  eroas-hred  forms  seem  tu  f 
tend  strongly  to  revert  to  the  ancestral  spiny  condition. 

Among  the  many  new  flower  varieties  originated  by  Hur-  J 
bank  may  be  nicntion(«l  llie  Peucbblow,  Burbank,  Cotjiiito,  and  | 
Santa  R'wa  roai's,  the  Splemlor,  Fnigrancc  (a  fragrant  form), 
and  Dwarf  tinowflako  cullaa,  the  enormous  Shasta  and  Alaska   I 
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daisipit,  the  Ostrich  plume,  Wavtrly,  Snowdrift,  and  Douhle 
clematises,  the  Hj'brid  Wax  Myrtie,  tlie  extraortliiiarv  Kico- 
tiinia.  a  hybrid  between  a  large,  (lowering  Nicotiana  and  a 
Petunia,  Beveral  hybrid  Nicotianas,  a  dozen  new  gladioli  and 
anipelojiseH,  several  ainaryllids,  various  dahlias,  the  Fire  poppy 
(Fig.  65),  (a  brilliant,  flanie-coloretl  variety  obtaineil  from  a 
cross  of  two  white  forms),  strijied  and  carnelian  pop]>ieR,  and  a 
bhieShirioy  (obtained  by  selection  from  the  Crimson  fichl  iH>pi)y 
of  Europe),  the  Silver  Line  iwppy  (iibtaincd  by  selection  from 
an  individual  of  Papaver  umbrosiim,  showing  a  streak  of  silver 


iii-idc)  with  fiilviT  interior  ami  crimson  exterior.aml  a  Crirnson 
(':ilir>>rnia  jxippv  llinrhnrhnllTiii) , tthiahn-tl  bv  srli'f'ljuti  fnmi  (hr 
raii>iliarg<>l<i<'ii'roni>. 

i'frhajifi  hiw  most  extensive  cxiMjrimenliiig  wilh  [lowers  has 
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been  done  in  the  hybridizing  of  lilies,  a  field  in  which  many  plant 
breeders  have  found  great  difficulties.  Using  over  half  a  hun- 
dred varieties  a^  basis  of  his  work  Burbank  has  prtHluced  a  mar- 
velous variety  of  new  forms  (Fig.  66).  "Can  my  thoughts  lie 
imagined,"  he  saj-s,  in  hia  "New  Creations"  of  1803,  "after  so 
many  years  of  patient  care  and  labor  [he  had  been  working  over 
sixteen  years],  as,  walking  among  them  [his  new  lilies]  on  a 
deny  morning,  I  look  upon  these  new  forma  of  beauty,  on  which 


other  eyes  have  never  gazed?  Here  a  plant  si.\  feet  high  with 
yellow  flowers,  bp«Uie  it  one  only  six  hiches  high  with  dark 
red  flowttrs,  and  further  on  one  of  pali;  straw,  or  snowy  white, 
or  with  curious  dots  and  shading:  some  dcliciously  fragrant, 


ABTII■^cI.^i,  sia,r:cTiox 


athem  faintly  so;  some  with  upright,  others  with  nodding 
flowers;  some  with  dark  green,  woolly  leaves  in  whorla,  or  with 
poluihed  light  srwi,  bncelike.  scattered  leaves." 


I   far  no  special  reference   has  been   made   to  the  more 

Brtly  wricnlifie  asptH'ls  of  Burbnnk'a  work.     Burbank  has 

n  primarily  intent  on  the  jirodiietioTi  of  new  and  iriiprovetl 

,  flower«,  vegetables,  and  trees  for  the  iniinediate  benefit 

^mankind.     Bnt  where  biological  experimentation    \s  being 

it-ii  fin  flo  extensively  it  is  obvious  that  there  must  lje  a 

[imnlution  of  ilatn  of  much  scientific  value  in  its  rela- 

1  to  the  great  pniblems  of  heredity,  variation,  and  species- 

Biirlutnk's  ex|XTi mental  gardens  may  l>e  looked  on, 

I  the  point  of  view  of  the  biologist  and  eviilulionist,  as  a 

I  lalxtrutory  in  which ,  at  present,  masses  of  valuable  data 

t,  for  lark  (if  lime  and  means,  iM-ing  let  go  iinreenrded. 

I  Of  Burbank's  own  particular  scientific  beliefs  touching  the 

rand  problems"  of  herodity  we  have  space  to  record  but 

:  fimt,  he  is  a  thorough  Miever  in  the  inheritance  of  ac- 

ni  ctinraeturs,  thus  dirfering  strongly  from  the  Weismann 

)ol  of  cvolutiunista;  second,  he  bclievcii  in   the  constant 
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mutability  of  B]jecies,  and  the  strong  itidividuality  of  each  plnnt  I 
organiatn,  liolding  that  the  apparent  lixity  of  cbarattcruiiits  is  a  J 
plienoiticnon  wliolly  dependent  for  its  dcfjree  of  rfaUty  on  ilic  I 


L 


li^ngtli  of  tiino  this  chftracti-ristic  has  been  omogeiu-licttlly  re- 1 
peatcd  in  the  ptivlogeny  of  the  race. 

In   like  fashion  to   this   working   with   plants,   lireeils  of  I 
animals  have  been  established  by  cruaaiiig  and  selection  withal 
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viow  to  thp  pnwrvation  of  the  best  traits  of  both.     In  cstal)- 
lishinf;  tin-  »lo(-k  farm  at  Palo  Altn,  Loland  Stiiiifonl  had  the 


cnnrrption  of  strenEthcniiiR  the  troltiriK  )i() 
thr  larger  ninniiig  horwo  or  lhoroii};librp(l.     The 
foriuatinn  of  a  |X'Ciiliar  tyjic  of  hoiso,  \i\rpi\ 


aii-i   imHIinrnl,  very  clean  of  liitih  and   sleek    '.t'    i:,M.     Tliis 
Cniii|i  of  horses  held   for  muiii;  year.s  tin-  world's    n-<-ordi  for 
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speed  in  their  various  classes  and  ages,  and  the  experiment 
was  in  the  highest  degree  successful.  In  one  sense  such  at- 
tempts are  not  experiments.  The  skillful  breeder  knows  that 
out  of  the  many  combinations  possible  in  crossing,  some  few 
will  fall  in  line  with  his  plans.  He  has  only  to  preserve  these, 
and  to  clinch  them  by  in-and-in  or  segr^ated  breeding  to 
bring  about  a  result  he  may  have  deemed  possible  or  desir- 
able. It  is  possible,  by  intentional  selection,  to  turn  a  non- 
essential or  race  character  into  a  selective  or  adaptive  one. 
The  Hamj^shire  sheep  have  black  ears,  but  by  persistent  se- 
lection the  ears  could  probably  be  made  white.  Probably  also 
the  horns  of  the  Dorsets  could  be  bred  on  Ham{)shires  by 
making  use  of  j)ossible  occasional  reversions  to  the  horned 
stock.  This  result  could  be  attained  very  rapidly  by  a  cross- 
ing with  Dorset  stock,  but  this  triumph  of  the  bree<ler*8  art 
has  rarely  any  homologue  in  the  wild  state  or  in  the  condition 
of  unconscious  selection. 

When  selection  ceases,  the  adaptive  characters  are  likely  to 
decline  or  disappear.  Under  cessation  of  selection,  called  by 
Weisniann  j)annuxia,  no  premium  is  placed  on  traits  of  exrel- 
loncc,  from  the  human  stand|X)int,  such  as  long  wool,  plumjv 
aoss  or  synunetry  of  form;  and  only  the  purely  vegetative  ad- 
vantages of  the  individual  count.  But  while  the  traits  of 
exrellence  disappear,  the  race  traits  or  nonadaptive  characters 
persist  unchangcnl.  A  herd  of  neglected  Hamjjshire  sheep  is 
still  a  herd  of  Hamf)shires.  The  black  face,  ears,  and  legs 
remain  black,  with  no  tendency  to  fade. 

\Vli(»n  the  worst  individuals  are  selected  for  breeding,  we 
have  the  reversal  of  selection.  A  flock  of  Hampshire  culls, 
f(»el)le,  loose-jointed,  scant-wooled,  unsynmietrical,  could  l>e 
used  in  breeding,  and  the  adaptive  characters  usually  sought 
for  could  be  bred  out  of  them.  But  they  would  still  Ik»  Hamj>- 
shin^s,  for  the  herwlitary  characters  which  had  jx^rsisted  with- 
out the  aid  of  selection  would  fxjrsist  after  selection  ceas(»s  or 
ev(»n  if  it  is  reversed.  When  th(^e  same  characters  are  made  the 
object  of  selection,  they  are  subject  to  the  same  laws  as  ordinary 
adaptive  characters. 

What  is  true  of  a  breed  of  sheep — ^a  product  of  geographical 
isolation  with  segregative  breeding — is  true  in  a  general  way  of 
any  wild  species  of  animals  or  plants.  Its  adaptive  characters 
are  due  to  natural  selection.     These  change  more  rapidly  than 
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the  nonadaptive  characters,  and  respond  more  readily  to  the 
conditions  of  panmixia  or  of  reversal  of  selection. 

In  matters  of  breeding  we  must  distinguish  between  animals 
actually  best  and  those  potentially  best.  An  animal  is  at  its 
actual  best  when  in  prime  condition,  at  the  prime  of  its  life. 
Another  of  far  finer  heredity,  of  far  stronger  ancestry,  may  be 
at  any  given  time  actually  the  inferior  of  the  first.  It  may  be 
too  old,  too  young,  in  too  poor  condition  to  represent  its  own 
best  status. 

It  is  generally  recognized  that,  for  all  breeding  purposes,  the 
animal  potentially  best  is  superior  to  one  which,  otherwise 
inferior,  may  be  actually  best  at  the  time.  The  tendency  of 
heredity  is  to  repeat  the  traits  of  the  ideal  individuals,  which 
the  parents  ought  to  have  been.  More  exactly,  the  tendency  of 
heredity  is  to  produce  individuals  which,  under  like  conditions 
of  food  and  environment,  would  develop  as  the  parents  have 
developed. 

But  it  is  also  recognized  that  the  actual  physical  condition  of 
the  parent  affects  the  offspring.  A  sick  mother  is  likely  to  bear 
an  enfeebled  child.  Immature  or  declining  sires  do  not  beget 
offspring  as  strong  as  those  begotten  by  them  wlien  they  are  in 
perfect  strength  and  health.  In  this  matter,  aj)parently,  we  have 
to  deal  with  two  different  elements,  as  Weisniann  and  others  have 
jwinted  out.  The  first  is  true  heredity,  the  cjuality  of  the  germ  cell, 
which  is  not  affected  by  the  condition  of  the  parent.  Weak  or 
St nmg,  the  offspring  is  of  the  same  kind  or  type  as  tlie  parentage. 

The  second  element  has  been  called  Transinission.  Its 
relati<ms  are  with  vegetative  development.  The  ei!i))ryo  is  ill 
nourishcNl  by  the  sick  mother,  and  it  enters  on  life  with  lowered 
vigor.  The  momentum,  if  we  may  use  such  a  figure  of  speech, 
is  reduced  from  the  first,  and  the  lost  vitality  may  never  be 
regainetl.  The  defects  of  the  male  parent  are  j)erhaps  of  l(»ss 
monient,  but  whatever  their  nature  their  results  would  be  of 
the  same  kind.  They  would  not  enter  into  the  heredity  of  the 
offspring,  but  they  might  play  a  large  part  in  retarding  its 
development.  In  the  category  of  transmission,  not  of  heredity, 
would  lK*long  the  theme  of  Ibsen's  "(Ihosts"  (Gjenglingere) ,  the 
development  of  softening  of  the  brain  in  the  son  of  a  debauchee, 
the  alleged  cause  being  that  the  father's  nervous  system  was 
vermotUu  (worm-eaten),  if  we  are  to  accept  the  ghastly  drama 
as  an  exposition  of  possible  facts. 
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The  r(Me  played  by  the  phenomena  of  transmission  as  distin- 
guished from  that  of  heredity  has  never  been  clearly  ascertained. 
Many  eminent  writers  ascrilxi  to  it  a  large  importance.  It  is 
a  central  element  in  Mr.  Casper  Redfield's  theory  of  heredity, 
and  he  brings  together  a  considerable  array  of  facts  and  statis- 
tics to  justify  his  conclusions.  But  the  value  of  statistics  in 
such  matters  is  easily  exaggerated,  l^ecAUse  of  the  difficulty  in 
ascertaining  the  real  causes  behind  the  phenomena  we  try  to 
record.  It  is  fair  to  say  as  a  broad  proposition  that,  as  a  sound 
mind  requires  a  sound  bcnly,  soundness  both  of  mind  and  body 
are  factors  in  giving  to  offspring  the  best  possible  start  in  life. 
The  heredity  unchanged,  there  is  still  a  great  value  in  vigor  of 
early  development. 

The  relation  of  these  matters  to  the  theory  of  organic  evo- 
lution is  mainly  here:  artificial  selection  as  a  process  is  of  the 
same  general  character  as  natural  selection;  both  represent  a 
form  of  isolation  or  segregation,  which  prevents  indiscriminate 
mating,  and  which  holds  certain  groups  of  individuals  as  the 
agents  of  reproduction  of  the  sj)ecies  within  a  given  time  or  in 
a  special  area. 

Artificial  selection  intensifies  useful  or  adaptive  characters, 
using  these  words  in  a  broad  sense.  At  the  same  time,  it  |ht- 
petuates  a  series  of  characters,  in  no  wise  useful,  and  in  no 
fashicm  adaptive.  These  characters  remain  unchanged  for  long 
periods,  and  lience  have  more  value  in  race  distinction  or  in 
classificaticm  than  the  strictly  adaptive  characters  have.  A 
Southdown  sheep  is  plumj)  and  fat,  on  the  whole  jx^rhaps  more 
so  than  any  other  type  of  sheep.  Nevertheless,  it  is  not  by  its 
j)lunipiiess  that  we  know  a  Southdown.  It  is  rather  by  tlie 
charactcT  of  its  wool,  tlie  color  of  its  face  and  feet,  the  form  of 
its  head.  So  it  is  with  brecnls  and  races  generally.  They  are 
formed  j)riinarily  by  isolaticm  in  breeiling,  the  separation  of  a 
few  from  ihv  many  i)v  g(M)graphical  or  similar  causc\^,  by  the 
jMTpet nation  of  the  traits  of  these  few  (the  "survival  of  the 
existing"),  all  this  being  modified  by  the  new  range  of  natural 
and  artificial  selection  and  tlie  new  reactions  under  the  varying 
conditions  of  a  new  environment. 

It  interests  us  to  know  that  a  similar  process  takes  place  in 
natiin*.  (Jeograj)lpcal  and  topographical  barriers  are  cross«Hl 
in  migration.  These*  isolate  a  |M)rti(m  of  a  species  under  new 
conditions,   with   new   reactions    to   the  environment,  and   a 
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new  range  of  natural  selection.  Adaptive  characters  change 
rapidly,  and  in  ways  more  or  less  parallel,  with  similar  altera- 
tions in  related  species.  Characters  nonadaptive,  often  slight 
in  appearance  and  bearing  no  relation  to  the  life  of  the  animal, 
become  slowly  but  surely  fixed  as  characters  of  the  species. 
As  two  closely  allied  breeds  of  animals  are  never  found  in  the 
same  region  imless  purposely  restrained  from  free  interbreeding, 
so  two  closely  related  species  never  develop  in  the  same  breeding 
area.  As  the  nearest  relative  of  some  given  breed  of  domestic 
animals  is  found  in  a  given  region  nearly  related  geographically, 
so  is  the  nearest  relative  to  any  given  wild  sf^ecies  found,  in 
most  cases,  not  far  away.  It  is  to  be  looked  for  on  the  other 
side  of  some  geographic,  topographic,  or  climatic  barrier.  In 
other  words,  the  interrelation  of  variation,  heredity,  g(^ographic 
isolation  and  environmental  features  generally  seems  to  be  the 
same  in  the  formation  of  domestic  races  as  in  that  of  tlie 
formation  of  natural  species.  The  principal  new  clement  intro- 
duced in  the  art  of  selective  breeding  is  that  of  pur|K)seful 
crossing,  the  removal  of  the  barriers  which  separate  well- 
different  iateil  forms,  for  the  purpose  of  beginning  a  new  series 
to  \xt  selected  toward  a  predetermined  end. 

It  has  been  recently  repeatedly  stated  that  most  races  of 
domesticated  animals  or  plants  find  their  origin  in  a  mutation 
or  saltation  of  some  sort.  In  our  judgment,  there  is  not  suffi- 
cient evidence  to  prove  this  view.  TIutc  are  few  cases  of 
eitlier  rac<?s  or  s|>ecies  known  to  have  originated  in  this  way. 
That  sucli  is  in  fact  the  general  law  of  race  or  sp(M*ies  origin, 
we  s<*e  little  reason  to  believe.  One  of  the  few  well-known 
illustrations  of  race-forming  through  saltation  is  that  of  the 
Ancon  sliee^p.  In  1791,  in  Massachusetts,  a  ram  was  born  with 
uniLsually  short  legs.  As  this  character  was  useful,  preventing 
the  sheep  from  leaping  over  stcme  walls,  the  owner  of  this  sheep 
us4h1  the  ram  for  breeding  purposes,  and  suc(;(hh1(m1  in  isolating 
a  short-legged  strain  of  sheep  known  as  the  Ancon  sheep.  So 
far  as  known  to  us,  this  type  of  sheep  diffenxl  in  this  t^harac^ter 
alone  from  the  common  sheep  of  Connecticut.  With  the  later 
a<lvent  of  the  more  heavy-wooled,  and  therefore  more  profitable, 
.Merino,  the  Ancon  sheep  disappeared.  A  recent  similar  case  of 
race  origin  from  a  prepotent  s|>ort  is  that  of  the  polled  Herc- 
fords  arising  in  Kansas  from  a  horidess  Hereford  bull. 


CHAPTER  MI 

VARIOUS  THEORIES  OF  SPECIES-FORMING 
AND  DESCENT  CONTROL 

The  four  factors  named,  variation,  inheritance,  selection,  and  sepa- 
ration,  must  work  together  in  order  to  form  different  8|>ecie8.  It  is 
impossible  to  think  that  one  of  these  should  work  by  itself  or  that 
one  could  be  left  aside. — Ortmann. 

As  mentioned  in  the  introductory  chapter  on  the  factors  of 
evolution  (Chapter  IV),  and  as  referred  to  several  times  in  the 
cliaptcr  on  natural  selection,  the  factor  of  the  segregation  or 
isolation  of  groups  of  individuals  must  Ix;  taken  into  account  in 
any  discussion  of  sj>ecies-forming  causes.  This  factor  has  long 
been  rccognizcxl  by  biologists,  that  phase  of  it,  and  undoubtedly 
the  most  im|>ortiint  of  its  several  phases,  callwl  geographic 
or  t(>ix)graphic  isolation  or  segregation  l)oing  very  clearly 
states!  and  its  imjM)rtance  emphasized  by  Moritz  Wagner  in 
\SiyS.  Alfred  Hussel  Wallace  gave  much  attention,  in  his  years 
of  active  investigation,  to  the  general  subject  of  geographical 
distriijution,  and  was  a  pioiuHT  in  calling  the  attention  of  natu- 
ralists to  the  great  significance,  in  the  light  of  the  evolution 
theory,  of  the  facts  of  the  geographical  distribution  of  IxUh 
animals  and  plants.  To-day,  esf)ecially  among  American 
biologists,  the  factor  of  to|X)graphic  segregation  is  recognized 
as  one  of  the  most  important  of  s|)ccies-molding  influences. 
Indeed  it  seems  self-evident  to  manv  naturalists  that  natural 
sel(»ctioii  is  iin|)otent  as  an  actual  cause  of  species-forming  with- 
out some  effect ivo  sort  of  isolation  factor  to  assist  it.  Because 
of  the  importance  in  the  eyes  of  present-day  naturalists  of  the 
g(»ographic  isolation  factor  we  have  given  (Chapter  VIII),  a 
brief  special  discussion  of  this  factor.  In  addition,  in  Chapter 
XI\',  will  be  fo\md  a  discussion  of  the  more  general  subject 
of  geograj)hical  distribution. 

lOS 
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But  it  is  conceivable  that  isolation  may  be  eflfected  in  other 
ways  than  by  actual  segregation  or  geographic  separation  of 
individuals.  Anything  that  could  lead  to  exclusive  or  dis- 
criminate breeding  among  certain  individuals  of  a  species  would 
result  in  the  isolation  of  these  individuals  from  the  rest  of  the 
species  as  eflfectively  as  their  actual  separation  from  others  by 
a  geographic  or  topographic  barrier.  Now  there  are  various 
influences  or  conditions  that  might  conceivably  bring  about 
such  a  state  of  affairs,  and  some  of  these  have  been  actually 
observed  to  exist.  It  is  of  interest  to  note  that  this  kind  of 
isolation  differs,  in  a  rather  important  way,  from  purely  geo- 
graphic isolation  in  that  the  latter  is  almost  sure  to  be  wholly 
indiscriminate  as  regards  the  individuals  comprised  in  an  isolated 
group,  while  the  former,  which  has  been  called  physiological 
isolation,  will  be  discriminate.  That  is,  there  will  be  a  struc- 
tural or  physiological  peculiarity  common  to  all  the  "  isolated  " 
individuals,  it  being  by  virtue  of  this  common  peculiarity 
(something  not  common  to  other  individuals  of  the  same 
species)  that  the  isolation  actually  exists. 

Romanes  has  been  the  chief  champion  of  the  physiological 
isolation  factor.  And  we  may  advantageously  refer  directly  to 
his  writings  for  a  specific  statement  of  different  forms  or  phases 
of  this  kind  of  isolation.  In  "Darwin  and  After  Darwin,''  III, 
p.  7  el  seq.f  he  writes: 

"Now  the  fomis  of  discriniiiiatc  isolation,  or  hoinoganiy,  are  very 
numerous.  When,  for  example,  any  w^ctioii  of  a  sjKicies  a(lo[)t8 
somewhat  different  habits  of  life,  or  occupies  a  somewhat  difTcTent 
station  in  the  economy  of  nature,  homogamy  arises  within  that  section. 
There  arc  forms  of  homogamy  on  which  Darwin  hiis  laid  great  strt^ss, 
as  we  shall  presently  find.  Again,  when  for  these  or  any  other  reasons 
a  section  of  a  species  Ixjcomes  in  any  small  degree  modified  as  to  form 
or  color,  if  the  species  happens  to  be  one  whce  any  psychological  pref- 
erence in  pairing  can  be  exercised — as  is  very  generally  the  case  among 
the  higher  animals — exclusive  brt»eding  is  apt  to  ensue  as  a  result 
of  such  preference;  for  there  is  abundant  evidence  to  show  that,  both 
in  birds  and  mammals,  sexual  selection  is  usually  opposed  to  the 
intercrossing  of  dissimilar  varieties.  Once  more,  in  the  case  of  i)lants, 
intercrossing  of  dissimilar  varieties  may  be  pn^vontful  by  any  slight 
difference  in  their  seasons  of  flowering,  of  topographical  stations,  or 
even,  iu  the  case  of  flowers  which  dejxjnd  on  insects  for  their  ferti- 
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lizatioii,  by  differences  iu  the  instincts  and  preferences  of  their 
visitors. 

"But,  without  at  present  going  into  detail  with  regard  to  these 
different  forms  of  discriminate  isolation,  there  are  still  two  others, 
both  of  which  are  of  much  greater  importance  than  any  that  I  have 
hitherto  named.  Indeed,  these  two  forms  are  of  such  immeasurable 
importance  that  were  it  not  for  their  virtually  ubiquitous  operation, 
the  process  of  organic  evolution  could  never  have  begun,  nor,  having 
begun,  continued. 

"The  first  of  these  two  forms  is  sexual  incompatibility — either 
partial  or  absolute — between  different  taxonomic  groups.  If  all  hares 
and  rabbits,  for  example,  were  as  fertile  with  one  another  as  they  arc 
within  their  own  resi>ecti  vc  sjx^cies,  there  can  l)e  no  doubt  that  sooner  or 
later,  and  on  conmion  areas,  the  two  tyi)es  would  fuse  into  one.  And 
similarly,  if  the  bar  of  sterility  could  be  thrown  down  as  Ix^twotMi  all 
the  s|)ecies  of  a  genus,  or  all  the  genera  of  a  family,  not  other in'se  pn- 
vented  from  intercrosftiny^  in  time  all  such  s|)ecies,  or  all  such  genera, 
would  IxM'ome  blcndtul  into  a  single  tyjw.  As  a  matter  of  fact,  com- 
plete fertility,  both  of  first  (T()sst»s  and  of  their  resulting  hybrids,  is  rare, 
even  as  l)etween  siK*cies  of  the  same  genus;  while  as  Ix^twetMi  genera  of 
the  s;inie  family  complete  fertility  (1<k*s  not  ap|>ear  ever  to  (M-cur,  and, 
of  course,  the  simie  ap[)lies  to  all  the  higher  taxonomic  divisions.  On 
the  other  hand,  some  degn»e  of  infertility  is  not  unusual  as  l)etwe<Mi 
difTercMit  varieties  of  the  siime  sjwc'ies;  and,  wherever  this  is  the  case, 
it  must  <'learly  aid  the  further  diffenMitiation  of  those  varieties.  It 
will  lx>  my  endeavor  to  show  that  in  this  latter  connection  sexual 
incompatibility  must  bv,  held  to  have  taken  an  immensely  important 
part  ill  the  differentiation  of  varieties  into  si)ecies.  Hut  meanwhile  we 
hav(»  only  to  observe  that  wherever  such  incompatibility  is  concerne<l, 
it  is  to  1m'  regarded  jus  an  isolating  agency  of  the  very  first  importance. 
And  as  it  is  of  a  character  purely  physiological,  I  liave  assigned  to  it 
the  name  Physiolopcal  Isolation;  while  for  the  [)articular  case  where 
this  general  prin<'i[)le  is  concerned  in  the  origination  of  8|)ecific  ty|x»s, 
1  have  reserved  the  name  Physiological  Selection." 

If  the  factors  of  variation,  heredity,  natural  selection,  and 
isohiticm  are,  in  the  minds  of  most  naturalists,  the  chief  factors 
in  si)ecies-forniing  and  descent  control,  and  a  conibination  of 
these  factors  is,  in  the  belief  of  these  same  naturalists — the  so- 
called  selectionists  or  N(h)- Darwinians — a  sufFicicnt  causal  ex- 
planation of  organic  evolution,  there  are  many  other  natural- 
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ists  who  have  no  such  high  esteem  of  the  value  of  natural 
selection.  These  believe,  variously,  that  (a)  to  the  selection 
factors  other  auxiliary  or  helping  ones  are  to  be  added,  or  (6) 
that  various  other  factors  are  equally  potent  in  species-forming, 
or  (c)  that  these  other  factors  are  the  more  important  ones,  or 
finally  (rf)  that  the  selection  factors  are  of  no  importance  at  all, 
that  is,  have  no  reality.  Before  Darwin,  the  French  naturalist 
I^marck  had  clearly  enunciated  an  explaining  theory  of  species 
transformation,  and  there  are  to-day  many  naturalists  who 
l)elieve  that  the  I^marckian  explanation,  or  its  fundamental 
assumption,  is  true,  or,  at  least,  that  it  is  based  on  the  more 
important  and  effective  factors  in  evolution.  These  natural- 
ists have  been  called  Neo-Jjamarckians.  Some  of  these  have 
formulated  theories  of  their  own  based  on  Lamarckian  funda- 
mentals, but  develo|)e<l  in  directions  more  or  less  obviously  away 
from  characteristic  I^marckLsm. 

Still  otlier  fundamental  causal  factors  than  the  Darwinian 
ones  of  selection  and  the  Lamarckian  ones  of  accunmlated  effect 
of  use,  disuse,  and  functional  stimulation  are  assumed  in  certain 
other  theories  of  species  change  and  general  evolutitm.  NageH, 
a  l)otanist  and  natural  j)hil<)sopher,  believ(Hl  in  a  si)erial  inherent 
vitalLstic  principle  or  force  in  living  matter  which  tends  to  pro- 
duce progressive  differentiation  and  evolution.  Von  Kolliker, 
Korschinsky,  and  do  Vries  believe  that  species-forming  occurs 
by  definite  sudden  small  (or  larger)  fixed  cliangc^  or  mutations, 
so  that  for  them  a  mutational  or  discontinuous  variation  is  the 
fundamental  causal  factor  in  species  transformation.  Niuuerous 
|>ah»<mtol()gists  l)elieve  that  variation  follows  determinate  lines 
in  it,s  occurrence,  so  that  evolution  is  ortliogenetic,  with  its  lines 
primarily  fixcil  by  determinate  variation. 

We  may  then  examine  briefly  some  of  the  more  important 
s|x»cial  th(»ories  or  groups  of  theories  put  forward  by  ))iol()gists 
either  as  auxiliary  and  sul>ordinate  to  th(»  more  generally 
known  Darwinian  theory,  or  as  alternative  with  or  substitutes 
for  this  theorv. 

First  to  l)e  mentioned  should  l)e  the  transmutation  tlieory 
of  r^marck.  In  its  simplest  exj>ressi(m  it  is,  that  every  individ- 
ual organism  is,  throughout  its  lifetime,  reacting  to  environ- 
mental stimuli  and  conditions  in  such  ways  as  to  change  its 
structure  and  its  habits  in  greater  or  less  dt^gree  from  the 
structure  and  habits  of  its  parents  and  ancestors,  this  change 
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coming  about  specifically  from  the  varying  effects  of  use  or 
disuse  of  part-S;  and  the  fimctional  stimulation  of  other  i)arts 
in  response  to  such  extrinsic  conditions  as  light,  contact,  tem- 
perature, pressure,  color,  etc.,  etc.  The  changes  effected  will, 
in  the  nature  of  things,  be  essentially  adaptive.  Now,  these 
adaptive  changes,  these  variations,  or  new  characters  acquired 
during  the  lifetime  of  the  individual  will  be,  in  Tjamarek's  belief, 
inherited,  if  not  in  full,  at  least  in  partial  degree,  by  the  offspring. 
These  in  turn  submitted  t^  similar  or  to  different  environ- 
mental influences  will  continue  the  changes  either  cumulatively 
or  diversely.  By  this  steady  direct  change  and  adaptation  to 
environment  the  s|)ecies  is  ever  modifying  and  transforming. 
Evolution  marches,  and  marches  adaptively  and  advanta- 
geously. 

But  modem  naturalists  find  a  most  unfortunate  impediment 
to  this  simple,  direct,  and  sufficient  explanation  of  species- 
forming  and  evolution  in  the  apparent  untruth  of  the  assumption 
that  the  characters  acipiired  by  an  individual  in  its  lifetime  are 
transmitted  by  inheritance  to  its  young.  This  question,  fun- 
damental to  the  Lamarckian  theorv,  of  the  inheritance  or  non- 

ft- 

inheritance  of  ac(|uired  characters  has  long  been  one  of  the  most 
hotly  debated  points  in  evoluticm  biology.  As  we  have  devoteil 
a  number  of  j)ages  to  its  j)articular  discussion  in  our  later  cha|>- 
ter  on  heredity  (Chapter  X),  we  need  not  anticipate  that 
discussion  here.  It  is  sufficient  to  sav  that  as  far  as  scientific 
proof,  that  is,  evidence  from  ac^tual  observation  and  exj>eriment. 
goes,  those  naturalists  led  by  Weismann,  who  deny  this  inheri- 
tance, liiive  at  present  distinctly  the  lM»tter  of  the  argument. 

The  orthogenetic  evoluticm  th(H)ries  of  varicms  authors. 
base<l  upon  the  assununl  occurrence  of  variations  in  determinate 
lines  or  directions  (a  restrict (h1  and  (h*terminate  variation  as 
coinpare<l  with  the  nearly  infinite,  fortuitous,  and  indeterminate 
variation  iissumed  in  the  sehu'tion  t he()rv) ,  are  of  several  ty|x»s. 
Tiie  mention  of  two  will  rev(»al  j)retty  well  the  more  imjx^rtant 
cliaracters  of  all.  Not  a  few  biologists  have  always  believeil  in 
the  existence  of  a  sort  of  mystic,  special  vitalistic  force  or  prin- 
ciple by  virtue  of  which  determination  and  general  progress  of 
evolution  is  chiefly  fixed.  Such  a  capacity,  inherent  in  living 
matter,  seems  to  include  at  cmce  |X)ssibihty  of  specific  adapta- 
tion and  the  possibility  of  j)rogressive  or  truly  evolutionary 
change.     Not  all  evolution  is  in  a  single  direct  line,  to  be 
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sure;  ascent  is  not  up  a  single  ladder  or  along  a  single  genealogi- 
cal branch,  but  these  branches  are  few  (as  indeed  we  actually 
know  them  to  be,  however  the  restriction  may  be  brought  about) 
and  the  evolution  is  always  progressive,  that  is,  toward  what  we, 
from  an  anthropocentric  point  of  view,  are  constrained  to  call 
higher  or  more  ideal  life  stages  and  conditions. 

Other  naturalists  also  seeming  to  see  this  course  of  determin- 
ate or  orthogenetic  evolution,  but  not  inclined  to  surrender  their 
disbelief  in  vitalism,  in  forces  over  and  beyond  the  familiar 
ones  of  the  physicochemical  world,  have  tried  to  adduce  a 
definite  causomechanical  explanation  of  orthogenesis.  The 
best  and  most  comprehensible  types  of  this  explanation  are 
those  essentially  ]>amarckian  in  principle,  in  which  the  direct  in- 
fluence on  living  matter  of  environmental  conditions,  the  direct 
reactions  of  the  life  stuff  to  stinmli  and  influences  from  the 
world  ontsido,  are  the  causal  factors  in  such  an  explanation. 
But  while  every  naturalist  will  grant  that  such  factors  do  change 
and  control  in  considerable  degree  the  life  of  the  individual, 
most  see  no  mechanism  or  means  of  extending  this  control 
directly  to  the  species. 

The  stumbling  block  of  heredity,  the  moans  and  mode  of 
inheritance,  as  we  so  far  know  them,  arc  directly  in  the  way  of 
any  general  acceptance  of  sucli  a  theory  of  evolution  under  the 
direct  control  of  sucli  "primary  factors  of  life."  Ontogenetic 
8|M»cies,  that  is,  conditions  of  structure  and  habit  common  to 
many  individuals  of  one  kind,  the  conditions  due  to  sameness 
of  intrinsic  and  extrinsic  factors  in  development,  constitute  a 
category  of  organisms  which  at  any  given  time  and  i)lace  seem 
very  real,  and  are  for  the  moment  truly  real.  Hut  their 
envin)nment  is  remaining  fairly  constant.  We  spc^ak  easily  of 
the  flux  of  Nature:  her  everchangingness.  And  in  the  large 
we  are  speaking  only  of  the  truth.  Hut  during  our  brief 
jKTiod  of  olwervation  of  the  few  generaticms  of  this  or  that  kind 
of  animal  or  plant  that  come  under  our  eyes  and  microscopes, 
the  nature  environing  these  generaticms  nuiy  be  nearly  uniform. 
What  are  the  changes  in  the  desert  in  a  score  or  a  lumdred  or  a 
thousand  of  years?  What  changes  in  life  conditions  on  tiie 
barren  storm-swept  |>eaks  of  the  mountain  ranges?  What  in 
the  waters  of  that  brackish  bay  or  sweet -wat(T  hike  ai)art  from 
the  paths  of  man?  Ontogenetic  species  have  a  seeming  of 
reality,  but  so  far  as  our  present  knowledge  goes  it  is  only  a 
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seeming:  reality  vanishes  with  the  death  of  the  individual: 
their  young  can  perpetuate  their  specific  peculiarities  only  if 
the  environmental  conditions  of  their  development  are  identical 
with  those  which  attended  the  growing  up  of  their  parents. 
Variations  in  this  environment  will  determine  variations  in 
them,  and  their  father's  kind  will  exist  no  more. 

The  authors  of  this  book  believe  that  more  characters  of 
species  than  are  commonly  thought  are  of  this  shifty,  ephemeral 
character;  that  not  a  few  so-called  true  species  are  only  onto- 
genetic species  held  for  a  number  of  generations  true  to  a  tyix; 
simf)ly  because  the  environment,  the  extrinsic  factors  in  the 
development  of  all  the  individuals  in  these  successive  genera- 
tions, are  the  same.  But  how  these  individual  characteristics 
and  changes  can  be  put  into  the  heredity  of  the  race  we  do  not 
understand.  "There  is  no  fixity  in  species  other  than  that 
due  to  the  long-repeated  ontogenetic  reiteration  of  this  or  that 
characteristic,"  says  Luther  Burbank.  And  he  speaks  from  the 
conviction  forced  on  him  tlirough  thirty  years  of  tlie  closest  sort 
of  observation  and  personal  exjx?rience  of  the  life  of  plants. 
And  yet,  however  strongly  our  own  minds  resjX)nd  to  a  desire 
to  believe  this — it  would  be  so  clarifying — the  obstinate  "no 
mechanism  "  objection  stands  boldly  up  to  check  our  sympa- 
thetic reasoning. 

Finally  we  should  refer  to  the  theories  of  heterogenesis  or 
si)ecies-for!ning  by  nuitations  or  saltations,  which  have  been 
proposed  at  various  times  as  a  substitute  for  the  theory  of 
siH^ries-forniing  by  the  gradual  transformation  through  selec- 
tion. During  the  discussion  in  the  first  few  years  after  the 
ai)pearance  of  Darwin's  "Origin  of  Species,"  the  German  zwlo- 
gist  von  Kolliker  expressed  the  belief  that  the  change  (nnu 
sp(U'ies  to  species  would  j)robably  be  found  to  be  more  sudden 
and  more  distinctive  than  Darwin's  theory  i)ermittcHl  one  to 
assume.  Lat(T,  the  Russian  botanist  Korschinsky,  on  a  basis 
of  general  oiiservation  and  some  not  very  extensive  |)ersonal 
experimentation,  definitely  formulated  a  theory  of  si)ecies- 
foriniiig  by  heterogenesis  which  he  j)laced  stnmgly  in  contnist 
with  Darwin's  theory  of  gradual  transformation  by  selection, 
which  later  theory  lie  claimed  should  Iw  wholly  given  up.  But 
not  until  the  publication  of  de  Vries's  work,  Die  Mutations- 
thcon'r,  in  which  are  recorded  the  results  of  clase  personal 
observation  and  experimentation  for  twenty  years  on  race  and 
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species-forming  in  plants  has  the  theory  of  species-forming  by 
mutations,  or  sudden  fixed  changes  (lesser  or  greater)  had  any 
considerable  adoption  or  even  general  attention. 

At  the  present  moment,  probably  because  of  a  strong  re- 
action against  the  too  blind  acceptance  and  general  over- 
emphasis of  the  selection  doctrines,  and  because,  too,  of  the 
imusually  extensive  character  of  de  Vries's  experimentation  and 
observation,  and  his  trenchant  criticism  of  the  weak  places 
in  the  other  theories,  with  the  generally  weighty  character  of 
his  work  and  reputation,  because  of  all  this  the  theory  of  species- 
forming  by  mutations  has  at  the  present  moment  a  fairly  large 
body  of  adherents  among  reputable  biologists.  And  yet  the 
actual  evidence  of  tested  observation  on  which  the  theory  rests 
is  curiously  meager.  One  hastens  to  admit,  however,  that 
similar  evidence  for  the  theory  of  direct  species-forming  by 
selection  is  also  meager.  While  apparently  no  one  has  ever 
seen  a  case  of  species-making  by  the  natural  selection  of  slight 
fluctuating  variations,  de  Vries  seems  to  be  almost  the  only 
one  who  has  ol)serve(l  actual  cas(^  of  species-making  by  hetero- 
genesis,  and  he  lias  seen  very  few.  And  in  the  nature  of  things, 
the  opportunities  for  tliis  kind  of  evidence,  that  is,  that  of  actual 
obs«?rvation,  ought  to  he  much  larger  in  tlio  case  of  hetero- 
genesis  than  in  that  of  general  transformation  by  the  selection 
of  slight  variations.  An  account  of  the  exact  character  of 
the  de  Vriesian  mutations  is  included  in  our  later  cliapter  on 
variation  and  mutation.  Our  readers  should  realize,  that 
however  much  they  may  see  of  this  th(^ry  in  j)res(MU-day 
()opular  scientific  literature,  and  however  strongly  the  case 
may  be  put  in  favor  of  the  mutation  theory  of  species  origin, 
this  theory  is  not  accepted  by  the  great  ImkIv  of  biologists  as 
entitlwl  to  rej)lace  the  Darwinian  theory. 

We  may  close  this  chapter  with  a  reference  to  a  pregnant 
s<»ntence  of  the  American  j)aleontologist,  Osl)orn,  in  a  lecture 
entitled  '*The  Unknown  Factors  of  Evolution '^:  '^Tho  general 
conclusion  we  reach  from  a, survey  of  the  whole  field  is  that  for 
BufTon's  and  I^amarck's  factors  we  have  no  theorv  of  heredity, 
while  the  original  l)arA\'inian  factor,  or  Neo-l)arwinisni,  offers 
an  inade<iuate  explanation  of  evolution.  If  accpiired  varia- 
tions are  transmitted,  there  must  be,  therefore,  some  unknown 
I>rinciple  in  heredity;  if  they  are  not  transmitted,  there  must  be 
aome  unkno>Mi  factor  in  evolution."    Our  j)resent  plight  s(*oms 
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to  be  exactly  this:  we  cannot  explain  to  any  general  satisfac- 
tion species-forming  and  evolution  without  the  help  of  some 
Lamarckian  or  Elimerian  factor;  and  on  the  other  hand,  we 
cannot  assume  the  actuality  of  any  such  factor  in  the  light  of 
our  present  knowledge  of  heredity.  The  discovery  of  the 
"  unknown  factors  of  evolution"  should  be  the  chief  goal  of  all 
present-day  biologic  investigation. 


CHAPTER  VIII 

GEOGRAPHIC  ISOLATION  AND  SPECIES- 
FORMING 

"For  me,  it  is  the  chorology  of  organisms,  the  study  of  all  the 
important  phenomena  embraced  in  the  geography  of  animals  and 
plants,  which  is  the  surest  guide  to  the  knowledge  of  the  real  phases  in 
the  process  of  the  formation  of  species." — Moritz  Wagner. 

A  Fix)OD  of  light  may  be  throA^ii  on  the  general  problem 
of  the  origin  of  species  by  the  study  of  certain  evidence  as  to 
the  *  actual  origin  of  species  with  which  we  may  be  familiar,  or  of 
wliich  the  actual  history  or  the  actual  ramifications  may  in 
sf)nio  degree  be  traced. 

In  such  cases,  one  of  the  first  questions  naturally  asked  is 
this:  Where  did  the  species  come  from?  Migration  forms  a 
largo  f)art  of  the  history  of  any  sjiecies  or  group  of  forms.  Tlie 
fauna  of  any  given  region  is  made  up  of  the  various  species  of 
animals  living  naturally  within  its  borders.  The  flora  of  a 
region  is  made  up  of  the  plants  which  grow  naturally  within 
its  limits.  Of  all  these,  animals  and  i)lants,  the  inhabitants 
of  most  regions  are  apparently  largely  migrants  from  some 
otlier  region.  Some  have  entered  the  region  in  question 
l)efore  accjuiring  their  present  si)ecific  characters;  others  come 
after  having  done  so.  Which  of  these  conditions  apply  to  any 
given  case  can  sometimes  be  ascertained  by  the  comparison 
of  the  individuals  along  the  supposed  route  of  migration. 

Thus,  Dr.  C.  Hart  Merriam  has  undertaken  to  show  the 
actual  origin  of  nine  species  of  Californian  chipmunks  (Eutayrmis) 
hy  an  elaborate  study  of  their  distribution,  adai)tati()ns,  and 
transformations.     He  finds  them  closely  related  to  one  another, 

*  A  pHP^^r  publiHhod  in  "Science,"  1900,  by  the  senior  author,  under 
thf»  title  "The  Actual  Origin  of  Species,"  has  been  freely  quoted  from  in 
thi«  chapter. 
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but  not  derived  from  one  another  by  direct  lines  of  descent.  A 
closer  study  indicates  that  some  of  them  "came  from  closely 
related  forms  in  remote  geographic  areas,  others  from  antece- 
dent forms  now  extinct,  and  not  more  than  three  or  four  from 
si>ecies  still  inhabiting  the  region." 

The  nature  of  any  fauna  bears  an  immediate  relation  to 
the  barriers,  geographic,  climatic,  topographic,  or  bionomic, 
whicli  may  form  its  boundaries.  By  bionomic  barriers  we 
mean  any  condition  of  any  sort  which  may  check  free  inter- 
breeding, or  which  may  tend  to  cause  divergence  within  a 
species.  A  thickly  peopled  level  area  may  be  in  this  sense  a 
barrier,  because  it  prevents  the  animals  on  the  one  side  of  the 
area  from  interbreeding  with  those  on  the  opposite  side.  If 
the  two  extremes  have  diverged  to  become  different  species, 
the  individuals  in  the  middle  area,  whose  presence  in  a  sense 
constitutes  the  bionomic  barrier,  are  usually  variously  inter- 
meiliate  in  the  characters  and  habits  which  they  possess. 

Whenever  the  individuals  of  a  species  move  evenly  over  an 
area,  its  members  freely  interbreeding,  the  character  of  the 
sjH'cios  remains  substantially  uniform.  Whenever  freedom  of 
movement  and  consequent  freedom  of  interbreeding  is  checked, 
th«»  character  of  the  species  is  rapidly  altered.  It  is  changed 
even  though  external  conditions  seem  to  be  absolutely  identical 
on  both  sides  of  the  barrier,  and  if  there  is  no  visible  distinction 
in  the  original  stock  on  the  two  sides.  Presumably,  there  are 
subtle  differences  in  the  environment,  producing  changes  in 
the  proc(»ss  of  selection  and  adaptation.  Doubtless,  there  are 
differences  e<iually  subtle  produced  by  the  processes  of  varia- 
tion and  their  reix^tition  by  inheritance. 

The  pregnant  phrase  of  Dr.  Coues  a])i)lies  in  these  cases: 
**Migrati<m  holds  species  true:  localization  lets  them  slip." 
In  other  words,  free  interbreeding  swamps  incipient  lines  of 
variati<m,  and  this  in  almost  every  case.  On  the  other  hand,  a 
barrier  or  check  of  any  sort  brings  a  certain  group  of  individuals 
together.  Th(*se  are  subjected  to  a  select icm  different  from 
that  which  obtains  with  the  species  at  large,  and  under  tiiese 
conditions  new  forms  are  developed.  This  takes  j)lace  rapidly 
when  the  conditions  of  life  are  greatly  changed,  so  that  a  new 
set  of  demands  is  made  on  the  species,  and  tliose  individuals  not 
nHM»ting  it  are  at  once  destroyed.  The  process  is  a  slow  one, 
for  the  most  part,  when  the  barrier  in  (juestion  interrupts  the 
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flow  of  life  without  materially  changing  its  conditions.  But 
this  is  practically  a  universal  rule:  A  barrier  which  prevents  the 
intermingling  of  members  of  a  species  will  with  time  alter  the 
relative  characters  of  the  groups  of  individuals  thus  separated. 
These  groups  of  individuals  are  incipient  species,  and  each 
may  become  in  time  an  entirely  distinct  species  if  the  barrier 
is  really  insurmountable.  In  the  great  water  basin  of  the 
Mississippi,  many  families  of  fish  occur  and  very  many  spe- 
cies are  diffused  throughout  almost  the  whole  area,  occurring 
in  all  suitable  waters.  Once  admitted  to  the  water  basin,  each 
one  ranges  widely  and  each  tributary  brook  has  many  species. 
In  the  streams  of  California,  mostly  small  and  isolated,  the 
number  of  genera  or  families  is  much  smaller.  Each  sp<*cies, 
unless  running  to  the  sea,  has  a  narrow  range,  and  closely  re- 
lated species  are  not  found  in  the  same  river.  The  fact  last 
mentioned  has  a  very  broad  application  and  may  be  raised  to 
the  dignity  of  a  general  law  of  distribution. 

Given  any  species  in  any  region,  the  nearest  related  s| nicies 
is  not  likely  to  l>e  found  in  the  same  region  nor  in  a  n»iiiote 
region,  but  in  a  neighl)oring  district  separated  from  the  first 
bv  a  barrier  of  some  sort,  or  at  lejist  bv  a  belt  of  countrv,  the 
breadth  of  which  gives  th(^  effect  of  a  barrier. 

Always  the  species  nearest  alike  in  structure  are  not 
found  togofluT  nor  yd  far  apart,  and  always  a  check  to 
interbrcH'ding  lies  betw(»en.  Where  two  closely  allifnl  forms 
are  not  found  to  intorgrade,  they  are  called  distinct  s|)ecies. 
If  we  find  actual  intergrachition,  tlie  occurrence  of  sj)ecimens 
infernuMliate  in  structure,  the  term  sul)S|x»cies  is  commonly 
used  for  each  of  the  nu'ognizable  groups  thus  connected. 

Wi(l(»lv  distril)uted  across  the  United  States  and  from 
southern  Canjuhi  to  Arizona,  we  have  the  yellow  warbler, 
Dnuiroirn  astim.  TWiH  bird  is  cliieflv  vellow,  olive  on  the 
back  with  chc'stnut  str(»aks  on  the  sides,  the  tail  feathers  colored 
like  tlie  body,  and  witiiout  the  white  sfwt  on  the  outer  feathers 
shown  in  most  of  the  other  wood  warblers  comiX)sing  the  genus 
Dend  roica. 

The  y(»llow  warbhT  throughout  its  range  is  very  uniform 
in  siz(»  and  color.  Its  nean^st  relative  differs  in  having  a 
sliadc  less  olive  on  the  back  an<i  the  brown  streaks  on  the  sides 
narrower.  This  form  is  found  in  tlie  Sonoran  region,  and.  as 
along  the  Kio  Graniie  it  intergrades  with  the  first,  it  is  called 
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a  subspecies,  Dendroica  astiva  sonarana.  Further  south,  in 
central  Mexico,  this  form  runs  larger  in  size  and  is  recorded  as 
Dendroica  ctsliva  dugeai.  Northward,  through  to  Alaska,  we 
have  an  ally  of  the  parent  bird,  but  smaller  and  still  more 
greenish.     This  is  Dendroica  cestiva  nibiginosa. 

In  the  West  Indies,  the  golden  warblers  migrate  not  from 
north  to  south,  but  from  the  shore  to  the  mountains,  and, 
|>ossibly  in  consequence  of  the  less  demand  of  flight,  the  wing 
is  shorter  and  more  rounded,  while  the  tail  is  longer.  As  these 
forms  do  not  clearly  intergrade  with  those  of  the  mainland, 
and,  for  the  most  part,  not  with  each  other,  they  are  held  to 
represent  a  number  of  distinct  species,  although  doubtless 
derived  from  the  parent  stock  of  Dendroica  cestiva.  Some  of 
these  West  Indian  forms  are  relatively  large,  the  wing  more 
than  five  inches  long,  and  the  longest  known  of  these,  the  type 
of  the  species  for  this  reason,  found  in  Jamaica,  is  called  Dendro- 
ica -petechia.  On  the  island  of  Grand  Cayman  is  a  similar 
bird,  a  little  smaller,  Dendroica  auricapilla.  Of  a  deeper 
yellow  than  petechia ^  and  equally  large,  is  the  golden  warbler 
of  the  Lesser  Antilles  ranging  from  island  to  island,  from  Porto 
Kico  to  Antigua.  This  form,  first  known  from  St.  Bartholomew, 
i.s  Detidroica  petechia  bartholemica.  A  smaller  bird,  a  little 
diflferent  in  color,  takes  its  place  in  the  Bahamas.  This  is 
Dendroica  petechia  flaviceps. 

In  Cuba,  the  golden  warbler  is  darker  and  more  olive,  with 
other  minor  differences  from  the  form  called  bartholemica ,  of 
which  it  may  be  the  parent.  This  is  Dendroica  petechia  gund- 
lachi.  A  similar  bird,  but  with  the  crown  distinctly  chestiuit, 
is  Deudroica  petechia  aureola,  the  golden  warbler  of  the  (lala- 
pagos  and  (*ocos  Islands,  off  the  coast  of  Kcuador  and  Peru. 
ScattercM.!  over  other  islands  are  smaller  golden  warblers  with 
the  wing  less  than  five  inches  long,  and  with  the  crown  tawny 
red,  as  in  aureola.  These  are  known  collect ivelv  as  Dendroica 
ruficapilla,  the  type  being  from  (Jiuuleloupe  and  Dominica. 
More  ht»avily  streaked,  with  the  crown  darker  in  color,  is  the 
golden  warbler  of  Cozumel,  Dendroica  ru/iatpilla  fiavi vertex, 
and  with  verv  similar  but  with  darker  crown  is  Dendroica 
ruficajnlla  flavida,  of  the  island  of  St.  Andrews.  Always,  the 
nearest  form  Ues  across  the  barrier,  and  amon^  these  island 
forms  the  chief  barrier  is  the  sea.  With  a  darker  chestnut 
crown   is   Dendroica   ruficapilla  rujopiUata,   of   the   island   of 
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Curasao,  and  still  darker  bay  is  the  crown  of  Dendroica  ruficapiUa 
capitcUis,  the  golden  warbler  of  the  Barbadoes. 

Still  other  golden  warblers  exist,  with  the  chin  and  throat 
chestnut  as  well  as  the  crowTi.  One  of  these,  olive  green  on  the 
back,  is  Dendroica  rufig^ihiy  of  Martinique^  The  others  are 
more  yellow.  One  of  these,  with  the  sides  heavily  streaked, 
inhabits  the  isthmus  region,  Dendroica  erythacoidcSy  called  a 
distinct  species,  because  no  intergradations  have  been  made 
out.  Another,  more  faintly  streaked,  replaces  it  on  the  Atlantic 
coast  from  Yucatan  to  Costa  Rica,  Dendroica  hryanii,  while 
the  Pacific  coast,  from  Sinaloa  to  Costa  Rica,  has  another  form, 
with  still  fainter  markings,  Dendroica  hryanii  casta niceps.  An 
extreme  of  this  form  witli  the  throat  and  breast  tawnv,  but  not 
the  crown,  is  found  in  Jamaica  again  and  is  known  as  Dendfoica 
eoa.  In  this  case,  which  is  one  typical  of  most  groups  of  small 
birds,  the  relation  of  the  species  to  the  barriers  of  geograpliy 
is  so  plain  as  to  admit  of  no  doubt  or  question. 

(liven  the  facts  of  individual  fluctuation  and  of  heredity, 
it  is  manifest  that  while  natural  selection  may  produce  and 
enforce  adaptation  to  conditions  of  life,  the  traits  wliich  <iis- 
tinguisli  these  si>ecies  bear  little  relation  to  utihty.  The 
individuals  which,  separated  from  the  main  flock,  |XM:)ple  an 
island,  give  their  actual  traits  to  their  actual  descendants,  and 
the  traits  enforced  bv  natural  selection  differ  from  island  to 
island.  If  external  conditions  were  aHke  in  all  the  islands  the 
progress  of  evolution  would  perhaps  run  parallel  in  all  of  them, 
and  the  only  differences  which  would  persist  would  be  derive<l 
from  differ(»nces  in  the  parent  stock.  As  some  difference  in 
environment  exists,  there  is  a  corres[X)nding  difference  in  the 
species  as  a  result  of  adaptation.  If  great  differences  in  con- 
ditions exist,  the  change  in  the  s|>ecies  may  be  greater,  more 
rapidly  accomplished,  and  the  characters  observ'ed  will  lK*ar 
a  closer  relaticm  to  the  principle  of  utility. 

I)()ul)tl(\ss,  wide  fluctuations  or  mutations  in  every  sj>ecies 
are  more  common  than  we  supjwse.  With  free  access  to  the 
mass  of  the  species,  these  are  lost  through  interbreeding. 
Isolate  them,  as  in  a  garden,  or  an  enclosure  or  on  an  island,  and 
these  may  l)e  continueil  and  intensified  to  form  new  sj)ecies  or 
races.      Anv  bretnler  or  anv  horticulturist  will  illustrate  this. 

It  is  not  claimed  that  sjiecies  are  occasionally  associateii 
with  physical  barriers,  which  determine  their  range,  and  which 
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have  been  factors  in  their  formation.  We  claim  that  such 
conditions  are  virtually  universal  among  species  as  they  exist 
in  nature.  When  the  geographical  relations  of  the  origin  of  a 
species  cannot  be  shown  it  is  usually  because  the  species  has  not 
been  critically  studied,  from  absence  of  material  or  from  absence 
of  interest  on  the  part  of  naturalists.  In  a  few  cases,  a  species 
ranges  widely  over  the  earth,  showing  little  change  in  varying 
conditions  and  little  susceptibility  to  the  effects  of  isolation. 
In  other  cases,  there  is  some  possibility  that  saltations,  or 
suddenly  appearing  characters,  may  give  rise  to  a  new  species 
within  the  territory  already  occupied  by  the  parent  form. 
But  these  cases  are  so  rare  that  in  ornithology,  mammalogy, 
herpetology,  conchology,  and  entomology,  they  are  treated  as 
negligible  quantities. 

One  of  the  most  successful  workers  in  this  field  is  Rev.  John 
T.  Ciuliok,  whose  studies  of  the  localization  of  species  and  sub- 
sjHH'ies  of  land  snails  in  Oahu  Island  (Hawaii)  have  become 
clussical.  According  to  Mr.  Gulick,  the  land  snails  of  the 
wcK>d(Kl  portion  of  Oahu  have  become  split  up  into  about 
175  Rix^cies  of  land  shells  represented  by  700  or  800  varieties. 
He  frecjuently  finds  a  genus  represented  in  several  successive 
valleys  l)y  allied  si^ecies,  sometimes  feeding  on  the  same  and 
similar  plants.  In  every  case,  the  valleys  that  are  nearest  to 
each  other  furnish  the  most  nearly  allied  forms,  and  a  full  set 
of  the  varieties  of  each  species  presents  a  minute  gradation 
lK*tw<»en  the  more  divergent  types  found  in  the  more  widely 
separatcnl  localities.  Similar  conditions  are  recorded  among 
the  land  snails  in  Cuba  and  in  other  regions.  In  fact,  on  a 
sinallcT  scale,  the  development  of  si)ecies  of  land  and  river 
niollusks  has  everywhere  progressed  on  similar  lines  with  that 
of  birds  and  fishes.  To  recognize  isolation  as  practically  a 
n«*c"(»ssjiry  condition  in  the  subdivision  of  species  need  not 
rH»c(»ssiirily  eliminate  or  Ix^little  any  other  factor.  Isolation  is 
a  con<lition,  not  a  force.  Of  itself  it  can  do  nothing.  Species 
change  or  diverge  with  space  and  with  time:  with  space,  be- 
cause geographical  extension  divides  the  stock  and  brings 
new  conditions  to  part  of  it;  with  time,  because  time  brings 
always  new  events  and  changes  in  all  environment.  The 
l)cgirming  of  each  species  must  rest  with  its  variability  of 
individuals. 

One  of  the  most  remarkable  cases  of  group  evolution  is 
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that  of  the  song  birds  of  Hawaii  which  constitute  the  family  of 
Drepanidse.  In  this  family  are  about  forty  species  of  birds, 
all  much  alike  as  to  general  structure,  but  diverging  amazingly 
from  each  other  in  the  form  of  the  bill,  with,  also,  striking 
differences  in  the  color  of  the  plumage.  In  almost  all  other 
families  of  birds  the  form  of  the  bill  is  very  uniform  within 
the  group.  It  is  correlated  with  the  feeding  habitB  of  the  bird, 
and  these  in  most  groups  of  wide  range  become  nearly  uniform 
within  the  limits  of  the  family.  With  a  great  range  of  com- 
petition, each  type  of  bird  is  forced  to  adapt  itself  to  the  special 
line  of  life  for  which  it  is  best  fitted.  But  with  many  diverging 
possibilities  and  no  competition,  except  among  themselves,  the 
conditions  are  changed,  and  we  find  DrepanidsB  in  Hawaii 
fitted  to  almost  every  kind  of  life  for  which  a  song  bird  in  the 
tropics  may  j>ossibly  become  adapted.     (Plate  II.) 

In  spite  of  the  large  differences  to  be  noted  there  can  Ik* 
little  doubt,  as  Dr.  Hans  Gadow,  Mr.  Henry  W.  Henshaw  and 
others  have  shown,  of  the  common  origin  of  the  Drepanidie. 
A  strong  peculiar  goatlike  odor  exhaled  in  life  by  all  of  them 
affords  one  piece  of  evidence  jx)inting  in  this  direction.  There 
is,  moreover,  not  much  doubt  that  the  whole  group  is  descendcni 
from  some  stock  belonging  to  the  family  of  honey  cre<*|)ers. 
C(erebi(he,  of  the  forests  of  Central  America.  Each  of  the 
Hawaiian  Islands  luvs  its  species  of  Drepanine  birds,  some  olive 
green  in  color,  sonu^  yellow,  some  black,  some  scarlet,  and  soin<» 
variegated  with  black,  white,  and  golden.  The  females  in 
most  cas(»s,  like  the  young,  are  olive  green.  On  each  island, 
most  of  the  s])ecies  are  confined  to  a  small  district,  to  a  single 
kind  of  thicket  or  a  single  s|K*cies  of  tree,  each  species  being 
especially  fitted  to  these  localized  surroundings.  With  the 
destruction  of  the  forests  some  of  these  s|x*cies  are  already  rare 
or  extinct.  With  high  specialization  of  the  bill  they  lose  their 
po\v(T  of  adaptation.  In  each  of  the  several  recognizeil  genera 
there  are  numerous  species,  mostly  thus  s{X}ciaIize<I  and  h)cal- 
iz(Ml,  rehitivoly  few  species  being  widely  distributed  throughout 
the  islands. 

Most  primitive  of  all,  least  s|M»cialized  and  most  Uke  the 
honey-cr(»eper  ancestry,  is  the  olive  grc*en  Oreomystis  bairdi  of 
the  most  ancient  island,  Kauai.  This  bird  has  a  small  straight 
bill,  not  unlike  that  c)f  the  slender-billed  sparroiiv's.  It  is  said 
to  be  the  most  energetic  and  ubitjuitous  of  the  group,  feeding 
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on  insects  on  the  trunks  of  trees.  If  we  assume  that  Oreo- 
mysiis,  or  some  other  of  the  genera  with  short  and  slender  bilk, 
represents  the  original  type  of  Drepanidse,  we  have  two  lines  of 
divergence,  both  of  them  in  dkections  of  adaptation  to  peculiar 
methods  of  feeding. 

Next  to  Oreamystis,  on  the  one  hand,  we  have  Loxopa  and 
Himatione,  with  the  bill  pointed,  a  little  longer  than  in  Oreo- 
myslis,  and  slightly  curved  downward.  The  species,  red  or 
golden,  of  these  two  genera  are  distributed  over  the  islands, 
each  on  its  own  mountain  or  in  its  own  particular  forest. 
Vestiarm,  another  genus,  remarkable  for  its  beautiful  scarlet 
plumage,  has  the  bill  very  much  longer  and  strongly  curved 
downward.  Vestiaria  cocdnea,  the  iiwi  of  the  islands,  Uves 
among  the  crimson  flowers  of  the  ohia  tree  (Metrosideros)  and 
the  giant  lobelia,  where  it  feeds  chiefly  on  honey,  which  is 
said  to  drop  from  its  bill  when  shot.  According  to  Mr.  S.  B. 
Wilson,  the  scarlet  sickle-shaped  flowers  of  a  tall  climbing 
plant  (Stron/jylodon  lucidics)  found  in  these  forests  *'  mimic  in 
a  most  perfect  manner  both  in  color  and  in  shape  the  bill  of 
the  iiwi  ''  so  that  the  plant  is  called  nukuiiwi  (bill  of  the  iwii). 

The  next  genus,  DrepanvSj  has  the  sickle  bill  still  further 
prolonged,  forming  a  segment  of  a  circle,  and  covering  nearly 
fifty  ciogroes.  Drepanis  pacificaf  one  of  the  species,  has  the  bill 
forming  about  one  fourth  of  the  total  length.  The  species  of 
this  genus,  black  and  golden  in  color,  were  very  limited  in 
range,  and  arc  now  nearly  or  quite  extinct.  Still  ianother 
group  with  sickle  bills,  Hemignathus,  diverges  from  Vestiaria 
in  having  only  the  upper  mandible  very  long  and  decurved, 
the  lower  one  being  straight  and  stiff'.  The  numerous  species 
arc  mostly  golden  yellow  in  color.  The  group  contains  long- 
billcMl  forms  like  Hcmignathns  procerus  of  Kauai,  and  short- 
billed  forms  like  Heterorhynchus  oHvaceiis  of  Hawaii.  In  the 
short-billed  forms  the  two  mandibles  are  (juite  unlike:  tlie  upper 
very  slender,  much  curved  and  about  one  fourth  the  length  of 
the  rest  of  the  body,  the  lower  mandible  half  as  long  and  thick 
and  stiff.  These  birds  feed  chieflv  on  insects  in  tlie  dead  limbs 
of  the  koa  trees  in  the  mountain  forests.  Some  or  all  of  them 
use  the  lower  mandible  for  tapping  the  trees,  after  the  fashion 
of  w(KKlpeckers,  while  with  the  long  and  flexible  upi)er  one  they 
reach  into  cavities  for  insects  or  insect  larva)  or  suck  the  honey 
of  flowers. 
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Mr.  S.  B.  Wilson  remarks:  "Nature  has  shown  great  sym- 
metry in  regard  to  the  species  of  this  genus  (Hemignalhus 
including  Heterorhynchtis)  to  be  found  in  the  Sandwich  Archi- 
pelago, three  of  the  main  islands  having  each  a  long-billed 
and  a  short-billed  form."  This,  of  course,  is  most  natural. 
Both  long-billed  forms  (Heniignaihics)  and  short-billed  forms 
(Heterorhynchiis)  have  spread  from  the  island  where  they  were 
originally  developed  to  the  other  islands,  each  changing  as  it 
is  isolated  from  the  main  body  of  the  species  and  subjected 
to  natural  selection  under  new  conditions.  With  the  genus 
Heterorhynchiis f  the  forms  with  slender  bills  reach  their  culmina- 
tion. 

Going  back  to  the  original  stock,  to  wliich  Oreomystis 
bairdi  is  perhaps  the  nearest  living  ally,  we  note  first  a  divergence 
in  another  direction.  In  Rhodacanthis,  the  bill  is  stout  like 
that  of  the  large  finch,  not  longer  than  the  rest  of  the  head, 
and  curved  downward  a  little  at  the  tip.  The  species  of  this 
genus  feed  largely  on  the  bean  of  the  acacia  and  other  similar 
trees,  varying  this  witli  caterpillars  and  other  insects.  The 
stout  bill  serves  to  crusli  the  seeds.  In  Chloridops,  the  bill  is 
still  heavier,  very  much  like  that  of  the  grosbeak.  Chloridojys 
kona  is,  according  to  Mr.  Robert  Perkins,  a  dull,  sluggish, 
solitarv  bird  and  verv  silent :  its  whole  existence  mav  ho  sumnuHl 
up  in  the  words  "to  cut."  Its  food  consists  of  the  fruit  of  the 
aaka  (bastard  sandal  tree),  and  as  this  is  very  minute,  its  whole 
time  seems  to  be  taken  up  in  cracking  the  extremely  hard 
shells  of  the  fruit,  for  which  its  extraordinarily  powerful  bill 
and  heavy  head  are  well  adapted. 

"The  incessant  cracking  of  the  fruits,  when  one  of  these  birds  is 
feeding,  tiic  noise  of  which  can  be  heard  for  a  considerable  distance, 
renders  tii<»  bird  much  easier  to  get  tiian  it  otherwise  would  be.  Its 
beak  is  always  very  dirty  with  a  brown  substance  adhering  to  it  which 
must  be  derived  from  the  sandal  nuts." 

In  Psittacirostrq  and  Psctvdon^stor  the  bill  suggests  that  of 
a  i)arrot  rather  than  that  of  a  grosbeak.  The  mandibles  are 
still  very  heavy,  but  the  lower  one,  as  in  Heterorhynchiis,  is 
short  and  straight,  while  the  nuich  longer  upper  one  is  hooketl 
over  it.  Pseudonestor  feeds  on  tlie  larva*  of  wood-lx)ring  lKH*tles 
{Clytanan)  found  in  the  koa  trees  {Acacia  fakata),  while  the 


GEOGRAPHIC  ISOLATION   AND  SPECIES-FORMING     127 

closely  related  Psiltacirostra  eats  only  fruits,  that  of  the  ieie 
(Freycinetia  arhorea)  and  the  red  mulberry  {Morns  sapyrifera) 
being  especially  chosen.  In  all  these  genera,  there  is  prac- 
tically one  species  to  each  island,  except  that  in  some  cases 
the  species  has  not  spread  from  the  mountain  or  island  in  which 
we  may  suppose  it  to  have  been  originally  developed. 

There  are  a  few  other  song  birds  in  the  Hawaiian  Islands, 
not  related  to  the  Drepanidse.  These  are  derived  from  the 
islands  of  Polynesia  and  have  deviated  from  the  original  types 
in  a  degree  corresponding  to  their  isolation.  In  the  case  of  the 
Drepanidie,  it  seems  necessary  to  conclude  that  natural  selection 
is  responsi!)le  for  the  physiological  adaptations  characteristic 
of  the  diflferent  genera.  Such  changes  may  be  relatively  rapid, 
and  for  the  same  reason  they  count  for  little  from  the  stand- 
point of  phylogony.  On  the  other  hand,  the  nonuseful  traits, 
the  petty  traits  of  form  and  coloration  whicli  distinguish  a 
species  in  Oahu  from  its  homologue  in  Kauai  or  Hawaii,  are 
results  of  isolation.  These  results  may  be  analyzed  as  in  part 
differences  in  selection  with  different  competition,  different 
food  and  different  conditions,  and  in  part  to  hereditary  differ- 
ence due  to  the  personal  eccentricities  in  the  parent  stock  from 
whiirh  the  newer  species  was  derived. 

In  these  as  in  all  similar  cases  we  may  confidently  affirm: 
the  adaptive  characters  a  species  may  present  are  due  to 
natural  selection  or  are  developed  in  connection  with  the 
demands  of  competition.  The  characters  nonadaptive  which 
chiefly  distinguish  sj>ecies  do  not  result  from  natural  selection, 
but  are  connected  with  some  form  of  geographical  isolation 
and  the  segregaticm  of  individuals  resulting  from  it. 

The  origin  of  races  and  breeds  of  domestic  animals  is  in 
general  of  much  the  same  nature.  In  traveling  over  Eng- 
land one  is  struck  bv  the  fact  that  each  count v  has  its  own 
breed  of  sheep,  each  of  these  having  its  tyi)e  of  excellence  in 
mutton,  wool,  hardiness,  or  fertility,  but  the  breeds  distin- 
guished by  characters  having  no  utility  either  to  sheep  or  to 
man.  The  breeds  are  formed  primarily  by  isolation.  The 
traits  of  the  first  individuals  in  each  region  are  intensified  by 
the  inbreeding  resulting  from  segregation.  Natural  selection 
preserves  the  hardiest,  the  most  docile,  and  the  most  fertile: 
artificial  st^lection  those  which  yield  the  most  wool,  the  best 
mutton  and  the  like.     The  breed  once  established,  artificial 
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selection  also  tends  to  intensify  and  to  preserve  its  nonadaptive 
characteristic  marks.  The  more  pride  the  breeders  take  in 
their  stock,  the  more  certain  is  the  preservation  of  the  breed's 
useless  peculiarities.  Very  few  of  the  characters  which  usually 
distinguish  a  breed  of  domestic  animals  have  the  slightest  phys- 
iological value  to  the  species.  Each  of  them  would  disappear 
in  a  few  generations  of  crossing,  and  in  each  race  prized  by  the 
breeder  the  actual  virtues  exist  wholly  independently  of  these 
race  marks. 

Analogous  to  the  race  peculiarities  of  domestic  animals 
are  the  minor  traits  among  the  men  of  different  regions.  Cer- 
tain gradual  changes  in  speech  are  due  to  adaptation,  the  fitness 
of  the  word  for  its  purpose,  analogous  to  natural  selection. 
The  nonadaptive  matters  of  dialect  find  their  origin  in  the 
exigencies  of  isolation,  while  languages  in  general  are  ex- 
plainable by  the  combined  facts  of  migration,  isolation,  and 
the  adaptation  of  words  for  the  direct  uses  of  speech. 

In  the  animal  kingdom  generally  we  may  say  therefore: 
Whenever  a  barrier  is  to  some  extent  traversable,  the  forms 
separated  by  it  are  likely  to  cross  from  one  side  to  the  other, 
thus  producing  intergradations,  or  forms  more  or  less  inter- 
mediate between  the  one  and  the  other.  For  every  subspecies, 
where  the  nature  of  the  variation  has  been  carefully  studied, 
there  is  always  a  geographical  basis.  This  basis  is  defincxl 
by  the  presence  of  some  sort  of  physical  barrier.  It  is  ex- 
tremely rare  to  find  two  subspecies  inhabiting  or  breeding  in 
exactly  the  same  region.  When  such  appears  to  be  the  case, 
there  is  really  some  difference  in  habit  or  in  habitat:  the  one 
form  lives  on  the  hills,  the  other  in  the  valleys;  the  one  fetnls 
on  one  plant,  the  other  on  another;  the  one  lives  in  deep  water, 
the  other  along  the  shore.  There  can  be  no  possible  doubt  tliat 
subspecies  are  nascent  species,  and  that  the  accident  of  inter- 
gradation  in  the  one  case  and  not  in  the  other  implies  no  real 
difference  in  origins. 

For  a  final  example,  we  may  compare  the  species  of  Ami^ri- 
can  orioles  constituting  the  genus  Icterus,  We  may  omit  from 
consideration  the  various  subspecies,  set  off  by  the  mountain 
chains,  and  the  usual  assemblage  of  insular  forms,  one  in 
each  of  the  West  Indies,  and  confine  our  attention  to  the 
leading  species  as  represented  in  the  United  States.  (See 
frontispiece.) 
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The  orchard  oriole,  Icterus  apurius,  has  the  head,  back,  and 
tail  all  black,  the  lower  parts  chestnut,  and  the  body  relatively 
small,  as  shown  by  the  average  measurements  of  different 
part«.  In  the  hooded  oriole.  Icterus  ctwuUatus,  the  head  is  all 
golden  orange  except  the  throat,  which  is  black,  the  tail  is 
black,  and  the  wings  are  black  and  white.  This  species,  with 
its  subspecies,  ranges  through  southern  California  and  Arizona, 
and  over  much  of  Mexico.  Our  other  orioles  have  the  tail  black 
and  orange.  In  the  common  Baltimore  oriole.  Icterus  galbula, 
of  the  cast,  the  head  is  all  black  and  the  under  parts  orange. 
In  the  equally  conmion  Bullock  oriole.  Icterus  btUlocki,  of  the 
California  region,  the  head  is  yellow  on  each  side,  the  belly 
rather  yellow  than  orange.  The  females  of  all  the  species  are 
plain  olivaceous,  the  color  and  proportions  of  parts  varying 
with  the  different  species,  while  in  the  males  of  each  of  the 
many  species  black,  white,  yellow,  orange,  and  chestnut  are 
variously  and  tastefully  arranged.  Each  species  again  has  a 
song  of  its  own,  and  each  its  own  way  of  weaving  its  hanging 
nest. 

That  which  interests  us  now  is  that  not  one  of  these  varied 
traits  is  dearly  related  to  any  principle  of  utility.  Adaptation 
is  evident  enough,  but  each  species  is  as  well  fitted  for  its  life 
as  any  other,  and  no  transposition  or  change  of  the  distinctive 
s|x»cific  characters  or  any  set  of  them  would  in  any  conceivable 
degree  re<luce  this  adaptation.  No  one  can  say  that  any  one 
of  the  art  Hill  distinctive  characters  or  anv  combination  of 
th<»m  enables  their  possessors  to  survive  in  larger  numbers 
than  would  otherwise  be  the  case.  One  or  two  of  these  traits, 
as  objects  of  sexual  selection  or  as  recognition  marks,  have  a 
hyix)thetical  value,  but  their  utility  in  these  regards  is  slight 
or  uncertain.  Naturalists  now  look  with  doubt  on  sexual 
selection  as  a  factor  in  the  evolution  of  ornamental  structures, 
and  the  psychological  reaUtyof  recognition  marks  is  yet  un- 
proved, though  not  impossible.  It  may  be  notinl  in  passing, 
that  the  prevalent  dull  yellowish  and  olivaceous  hues  of  the 
female  orioles  of  all  s|)ecies  seem  to  be  clearly  of  the  nature 
of  protective  coloraticm. 

It  has  lHM»n  shown  statistically  that  certain  specific  charac- 
ters among  insects  have  no  relation  to  the  process  of  selection. 
Amcmg  honey  bees  the  variation  in  venation  of  the  wings 
anti  in  the  number  and  character  of  the  wing  hooks  is  just  as 
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great  among  the  bees  which  first  come  from  their  telh  as  in  a 
scries  of  individuals  long  exposed  to  the  struggle  for  existence. 

Among  ladybird  beetles  of  a  certain  species  (Hippodamia 
convergens),  eighty-four  different  easily  describable  "aberra- 
tions" or  variations  in  the  number  and  arrangement  of  the 
black  spots  on  the  u^ing  covers  have  been  traced.  These 
variations  are  again  just  as  numerous  in  individuals  ex{)oseil 
to  the  struggle  for  life  as  in  those  just  escaped  from  the  pupal 
state.  In  these  characters,  there  is,  therefore,  no  rigorous 
choice  due  to  natural  selection.  Such  specific  characters, 
without  individual  utiUty,  may  be  classed  as  indifferent,  so 
far  as  natural  selection  is  concerned,  and  the  great  mass  of 
specific  characters  actually  used  in  systematic  classification  arc 
thus  indifferent. 

And  what  is  true  in  the  case  of  the  orioles  and  the  ladv- 
birds  is  true  as  a  broad  proposition  of  the  related  species  which 
constitute  any  one  of  the  genera  of  animals  or  plants.  All 
that  survive  are  sufficienily  fitted  to  live,  each  individual,  and 
therefore,  each  species,  matched  to  its  surroundings  as  tlie  dou^h 
is  to  the  pan,  or  the  river  to  its  bed,  but  all  adaptation  lying  uj)- 
parently  within  a  range  of  the  greatest  variety  in  nonessentials. 
Adaptation  is  presumably  the  work  of  natural  si^lectioii;  the 
division  of  forms  into  sfM^cies  is  the  result  of  existence  under 
new  and  diverse  conditions. 


CHAPTER  IX 
VARIATION  AND   MUTATION 

It  becomes  imperative  that  we  should  carry  out  the  most  exact 
research  jwssible  by  means  of  experiment  and  also  wean  ourselves  of 
the  convenient,  but,  as  it  seems  to  me,  highly  pernicious  habit  of  theo- 
retical explanations  from  general  propositions.  Otherwise  there  is 
great  danger  that  the  bright  expectation  which  Darwin  has  opened  out 
to  us  by  his  theory  may  be  baffled — the  prospect  of  gradually  bringing 
even  organic  Being  within  reach  of  that  method  of  inquiry  which 
seeks  to  discern  mechanical  efficient  causes. — Semper. 

Thus  far  in  our  discussion  of  evolution  factors  and  theories 
we  liav(»  taken  for  granted  the  actuality  of  the  two  fundamental 
factors,  variation  and  heredity.  No  one  disputes  their  reality; 
nor  does  anyone  deny  their  fundamental  and  indispensable 
character  in  relation  to  the  origin  of  species  and  the  evolution 
of  organisms.  All  the  theories  to  explain  evolution  build  on 
these  two  basic  factors  or  vital  conditions.  The  subjects  of 
doubt  or  denial  are  such  postulated  factors  as  selection,  muta- 
tion, orthogenetic  progress,  etc.;  variation  and  heredity  never. 

But  the  character,  the  influence,  the  regularity  or  irregu- 
laritv  of  variations,  their  behavior  in  hereditv,  whether  trans- 
inissible  or  not,  whether  acquired  or  congenital,  whether  deter- 
minate or  indeterminate,  etc. — these  are  the  problems  that  the 
factor  variation  or  variability  presents  to  biologists.  Heredity, 
tcK),  has  its  problems.  These  we  shall  take  up  in  another 
chapter. 

That  variations  exist  is  too  obvious  to  everyone  to  need  any 
discussion.  Any  Utter  of  kittens  or  puppies,  of  mice  or  pigs, 
shows  us  the  differences  in  pattern,  shape,  and  physiology  of  in- 
divicluals  lx)rn  at  one  time  and  of  the  same  parents.  In  wild 
nature  the  variations  among  brothers  and  sisters  arc  no  less  real 
than  among  these  domesticated  animals. 
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Collect  a  few  thousand  individuals,  at  one  time  in  one  place, 
of  a  single  species  of  insect,  as  a  spotted  ladybird  beetle;  then 
go  over  these  carefully,  looking  for  variation  in  some  single 
characteristic,  as  the  color  pattern.    What  do  you  find?    Let  us 


Fin.  72.— Diagram  ithowiufc  variation  in  elytral  patt«m  of  the  convenrent  ladybird. 
Hippotlamia  amrrrtjrnt:  1.  Mode;  2  9,  variationH  in  Hiie  of  spoto;  1(K-17.  variationi* 
tty  04)alpf«conro  of  npotH;  18  4U.  variations  by  reduction  in  number  of  •put«.     (After 
keUon  and  Bell.) 
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answer  by  calling  attention  to  Figs.  72,  73,  and  74  and  what 
these  variations    signify.     Note  also    Fig.  75,  showing  the 


Flo.  73. — Diagram  showing  variAtioiui  in  dytral  pattern  of  oonvergent  ladybird, 
Hippodamia  convergent'.  1-A,  Variations  by  different  reduction  in  number  of  spots 
in  the  two  elytra;  6-9,  variations  by  conditions  of  spots.     (After  Kellogg  and  Bell.) 
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variation  in  elytral  blotching  to  be  found  in  a  series  of  individ- 
uals of  the  California  flower  beetle,  Diabrotica  soror;  see  also 
Fig.  76,  showing  the  vari- 
ations in  the  black  and 
yellow  color  pattern  of  the 
abdomen  of  the  common 
yellow  jacket  (Vespa  sp.); 
and  Fig.  77  showing  the 
variation  in  the  pattern  of 
the  prothorax  in  a  series  of 
178  individuals  of  a  common 
Californian  flower  bug,  all 
tlH»s<»  individuals  collected 
at  one  time  by  sweeping  a 
net  over  a  few  rods  of  alfalfa 
and  Baccharis  on  the  campus 
of  Stanford  Universitv. 

These  are  all  color  and 
pattern   variations;  but  in- 
sects show  variations  in  structural  parts  as  well.     Fig.  78  shows 
a  common  red-legged  locust  and  one  of  its  hind  tibise  enlarged 
10 
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FiQ.  74. — Diagram  showing  variations  in 
prothoracic  pattern  of  the  convergent 
ladybird.  Hippodamia  eonvergenM.  (After 
Kellogg  and  B«II.) 
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Fio.  75. — Diagram  ahowinc  variations  in  dytral  pattern  of  the  California 
flower  beetle,  DitUfrotica  9oror.     (After  Kellogg  and  Bell.) 

to  show  the  spines.     In  eighty-nine  individuals  of  this  species 
of  locust  collected  at  Ithaca,  N.  Y.,  the  number  of  spines  in  the 

outer  row  of  the  right  tibiie 
varies  from  nine  to  fift(H»n, 
in  the  inner  row  from  ekne^n 
to  sixteen.  One  not  given  to 
the  systematic  study  of  insects 
may  think  spines  on  the  hind 
legs  very  trivial  structures  in- 
deed; but  the  entomologist, 
using  exactly  such  character- 
istics as  the  number  of  these 
structures  as  a  means  in  he\]>- 
ing  him  to  distinguish  and 
define  his  species,  knows  how 
considerable  this  variat  ion 
reallv  is. 

The  dog-days  cicada  (Fig. 

79)  also  has  spines  on  its  hind 

tibiae,  but  onlv  a  few,  usuallv, 

indeed,  two.    But  in  any  series 

of  individuals  of  this  insect  some  individuals  will  be  found  with 

but  a  single  spine,  some  with  three,  and  a  few  with  four  even. 

although  the  very  great  majority  will  have  two.    For  example, 


Pio.  76. — Diagram  nhowing  variation  in 
I>Attom  in  the  yellow  jacket.  Vespa  ger- 
mdNiVii.     (After  Kellogg  and  Hell.) 
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in  a  series  of  98  male  individuals  collected  at  Indianapolis,  In- 
diana, at  one  time,  12  individuals  had  one  spine  in  the  outer  row 
of  the  right  tibise,  83  had  two  spines,  2  had  three  spines,  and  one 
had  four  spines.  In  the  outer  row  of  the  left  tibise  of  the  same 
individuals,  there  were  three  spines  in  6  individuals,  two  in  75, 
and  one  in  17.    In  the  inner  rows  of  tibial  spines  in  these  same 


^ 


Fia,  77.—: 


showing  variAtion  in  pattern  of  the  prothorax  of  a  flower  bug. 
(After  KeUogg  and  BeU.) 


individuals  there  were  in  the  right  tibiae,  five  spines  in  5,  four 
spines  in  40,  three  spines  in  43,  two  spines  in  9,  and  one  spine  in 
1  individual:  in  the  left  tibiir,  five  spines  in  2  individuals,  four 
spines  in  48,  three  spines  in  39,  and  two  spines  in  8. 

In  the  paper  from  which  we  have  taken  these  illustrations 
of  the  actuality  of  variation,  studied  and  statistically  tabulated, 
arc  given  the  data  showing  the  actual  extent  and  frequency  of 
variations  in  various  characters,  such  as  color  patterns  of  head, 
thorax,  and  abdomen,  character  of  antennal  segments,  number 
of  tibial  spines,  character  of  elytral  striation,  character  of  vena- 
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tion,  number  of  wing  hooks,  etc.,  in  two  dozen  different  insect 
species.  Long  ago  Dr.  J.  A.  Allen,  of  the  American  Museum  of 
Natiu*al  History,  gave  similar  data  of  the  actual  variation  in 


Fio.   78. — R«d-leKged    locust,    Mdanoplu9  Fia.  79. — The  seventeen-year  locust.  Cicada 

femur-nArum,  and    hind   tibia,   showing  Beptendecim,  and  its  hind  tibia,  tthowinjc 

inner  and  outer  rows  of  spines.     (After  inner  and  outer  q)ines.     (After  Kellooc 

KeUogg  and  BeU.)  and  BeU.) 

various  familiar  American  bird  species,  his  data  referring 
chiefly  to  variations  in  dimensions;  as  length  of  whole  body, 
length  of  tail,  of  wing,  of  bill,  of  tarsus  and  claw,  etc. 

CABDINAUS  VIRGIN/ANUS    S8  specimens,  norida. 


Length  of  Bird* 


Wing. 


•••••••••  !•••••••• 

Fio.  80.— Diafljam  ohoi^'inR  variation  in  length  of  tail,  body,  and  wing  in  fifty-^ight 
specimens  of  the  card'^al,  Cardinalis  (formerly  called  virginianut),  from  Floriria. 

/AffAC     Allan    \ 


And  anyone  with  moans  of  oollorting  considerable  series  of 
individuals  of  single  species  can,  if  he  but  give  the  time  and 
study  to  it,  reveal  similar  variations  in  almost  any  part  or 
characteristic  of  any  species  or  kind  of  plant  or  animal.     "  What 
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parts  vary?"  some  one  asks.    All  parts  vary,  but  some  more 
than  others. 

Darwin,  in  Chapter  V  of  his  "Origin  of  Species,"  postulated 
certain  so-called  laws  of  variability,  which  attempt  to  answer 
this  question,  "What  parts  vary?"  These  so-called  "laws" 
which  to-day  would  hardly 
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be  dignified  with  the  name 
of  law,  are  summed  up  by 
Darwin  at  the  end  of  this 
chapter  as  follows: 
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Out  ignorance  of  the  laws 
of  variation  is  profound.  Not 
in  one  case  out  of  a  hundred 
can  we  pretend  to  assign  any 
reason  why  this  or  that  part 
has  varied.  Hut  whenever  we 
have  the  means  of  instituting 
a  comparison,  the  same  laws 
apfx'ar  to  liave  acted  in  pro- 
ducing the  lesser  differences 
Ijetween  varieties  of  the  same 
sjjecies,  and  the  greater  diflfer- 
ences  between  8i)eries  of  the 
same  genus,  ("hanged  condi- 
tions generally  induce  mere 
fluctuating  variability,  but 
sometimes  they  cause  direct 
and  definite  efTecti<;  and  these 
may  Ix'como  strongly  marked 
in  the  course  of  time,  though 
we  have  not  sufficient  eWdence 
on  this  head.  Habit  in  pro- 
ducing constitutional  peculiarities,  and  use  in  strengthening,  and 
disuse  in  weakening  and  diminishing  organs,  apix^ur  in  many  ca.ses 
to  liave  been  potent  in  their  effects.  Homologous  parts  tend  to 
vary  in  the  same  manner,  and  homologous  i)arts  tend  to  coliere. 
Modifications  in  hard  parts  and  in  external  parts  sonnet inies  affect 
softer  and  internal  partfl.  When  one  part  is  largely  developcnl,  i)erhaps 
it  tends  to  draw  nourishment  from  the  adjoining  parts;  and  every  part 
of  the  structure  which  can  be  saved  without  detriment  will  be  saved. 
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Fia.  81. — Diagram  showing  variation  in  di- 
menBions  in  twenty  malo  Rpc^inieua  of  the 
Baltimore  oriole,  IcteruM  galbula  (formerly 
called  baltimore).     (After  Allen.) 
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Changes  of  structure  at  an  early  age  may  affect  parts  subsequently 
developed;  and  many  cases  of  correlated  variation,  the  nature  of  which 
we  are  unable  to  understand,  undoubtedly  occur.  Multiple  parts  are 
variable  in  number  and  in  structure,  perhaps  arising  from  such  parts 
not  having  been  closely  specialized  for  any  particular  function,  so  that 
their  modifications  have  not  been  closely  checked  by  natural  selection. 
It  follows,  probably  from  this  same  cause,  that  organic  beings  low  in 
the  scale  are  more  variable  than  those  standing  higher  in  the  scale,  and 
which  have  their  whole  organization  more  specialized.  Rudimentary 
organs,  from  being  useless,  are  not  regulated  by  natural  selection,  and 
hence  are  variable.  Specific  characters — that  is,  the  characters  which 
have  come  to  diflfer  since  the  several  species  of  the  same  genus  branched 
off  from  a  common  parent — are  more  variable  than  generic  characters, 
or  those  which  have  long  been  inherited,  and  have  not  differed  within 
this  same  period.  In  these  remarks  we  have  referred  to  special  parts 
or  organs  being  still  variable,  because  they  have  recently  varied  and 
thus  come  to  differ ;  but  we  have  also  seen  .  .  .  that  the  same  i>rin- 
ciple  af)plies  to  the  whole  individual;  for  in  a  district  where  many 
species  of  a  genus  are  found — that  is,  where  there  has  been  much  former 
variation  and  differentiation,  or  where  the  manufactory  of  new  si>e- 
cific  forms  has  been  actively  at  work — in  that  district  and  among 
these  species  we  now  find,  on  an  average,  most  varieties.  Secondary 
sexual  charactcTS  are  liighly  variable,  and  such  chara(;ters  differ  much 
in  the  species  of  the  same  group.  Variability  in  the  same  parts  of  the 
organization  has  generally  l>een  taken  advantage  of  in  giving  secondare' 
sexual  differences  to  the  two  sexes  of  the  same  sj>ecies,  and  specific 
differences  to  the  several  apecit^s  of  the  same  genus.  Any  part  or  organ 
develoi)ed  to  an  extraordinary  size  or  in  an  extraordinary  manner,  in 
comparison  with  the  same  part  or  organ  in  the  allied  species,  must  have 
gone  through  an  extraordinary  amount  of  modification  since  the  genus 
arose;  and  thus  we  can  understand  why  it  should  often  still  be  variable 
in  a  much  higher  degree  than  other  parts;  for  variation  is  a  long-con- 
tinued and  slow  process,  and  natural  s<*lection  will  in  such  cases  not  as 
yet  have  had  time  to  overcome  the  tenriency  to  further  variability  and 
to  reversion  to  a  less  modified  state.  Hut  when  a  si)ecies  with  an  ex- 
traordinarily develo|)ed  organ  has  In'come  the  parent  of  many  modificnl 
descendants — which  in  our  view  must  1k»  a  very  slow  process,  requiring 
a  long  lapse  of  time — in  this  case,  natural  selection  has  succeeded  in 
giving  a  fixed  character  to  the  organ,  in  however  extraordinary  a 
manner  it  may  have  l)een  develo|)ed.  Si)ecies  inheriting  nearly  the 
same  constitution  from  a  common  parent,  and  exposed  to  similar 
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Fia.  82. — DiacTAin  showing  variationa  in  dimensions  of  lizards.     (After  Wallace.) 

influences,  naturally  tend  to  present  analogous  variations,  or  these 
same  species  may  occasionally  revert  to  some  of  the  characters  of  their 
ancient  pro|[;enitors.  Although  new  and  ini])ortant  modifications  may 
not  arise  from  reversion  and  analogous  variation,  such  modifications 
will  add  to  the  beautiful  and  harmonious  diversity  of  nature. 
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"  Whatever  the  cause  may  be  of  each  slight  difference  between  the 
offspring  and  their  parents — and  a  cause  for  each  must  exist — we  have 
reason  to  believe  that  it  is  the  steady  accumulation  of  beneficial  differ- 
ences which  haa  ^ven  rise  to  all  the  more  important  modifications  of 
structure  in  relation  to  the  habits  of  each  species." 

Modern  investigation  of  variation,  which  includes  at  least  two 
phases  of  study  that  have  been  developed  since  Darwin's  time, 
namely  the  statistical  and  quantitative,  and  the  experimental 
study  of  variation,  has  been 
able  to  add  much  information 
about  the  mode  and  the 
character  of  variations,  and 
has  cfTected  a  sort  of  classifi- 
cation of  them  which  helps  at 
once  to  express  and  to  clarify 
and  organize  oiu*  knowledge 
of  variability.  But  it  has 
added  as  yet  no  great  funda- 
mental generalizations  really 
worthy  to  be  called  laws. 

One  gcneraliKation  there  is. 
perhaps,  of  application  and 
value  far  reaching  enough  to 
be  called  law  (although  it  ap- 
plies to  only  a  single  category 
of  variation,  but  a  large  one), 
and  that  is  the  law  formulated 
in  1846  (ten  years  Iwfore  Dar- 
win's "Origin  of  Species"), 
by  the  Belgian  anthropologist, 
Qnetelef,  on  the  basis  of  the 
examination  of  the  height  and 
chest  measurements  of  soldiers.  As  it  applies  only  to  what 
are  variously  called  fiuctiiatine,  individual,  continuous,  or  Dar- 
winian variations,  we  may  note  before  stating  the  law  the  cur- 
rent mode  of  classif}'ing  the  variations  which  occur  in  plants 
and  animals. 

Variations  may  be  either  congenital  or  acquired:  that  is, 
may  Ih-  such  as  are  apparently  dclermined  in  the  organism  at 
conception,  or  sucli  as  are  iiii{x}scd  on  it  during  it«  development 
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by  the  influence  of  extrinsic  factors.  Or  variations  may  be  di- 
vided into  determinate  and  indeterminate ;  that  is,  those  (if  there 
really  are  such)  which  are  apparently  controlled  by  some,  to  us 
unknown,  influences  and  are  by  these  influences  confined  to  cer- 
tain definite  lines  or  directions  of  change;  and,  on  the  other  hand, 
those  which  are  apparently  wholly  accidental,  or  rather  which 
may  represent  any  conceivably  possible  line  or  kind  of  change. 
Finally,  variations  may  be  distinguished  as  to  their  general 
character  as  discontinuous  and  continuous;  that  is,  variations  oc- 
curring irregularly,  mostly  large  and  comparatively  rarely,  and 
small,  abundant  variations  occiuring  in  graded  series.  Among 
the  former  are  to  be  ranked  the  occasional  sports  and  monsters 
familiar  to  all  breeders;  while  in  the  latter,  Darwin  believed  him- 
self to  have  at  hand  the  necessary  ever-present  materials  to 
serve  natural  selection  as  a  basis  for  species  transformation. 
Hence  the  slight  but  abundant  and  ever-present  fluctuating 
continuous  variations  are  often  called  "Darwinian  variations." 

Now  the  law  of  Quetelet  applies  solely  to  the  Darwinian 
variations.  The  law  is,  that  these  variations  occiu*  according 
to  the  law  of  probabilities  (or  law  of  error):  that  is,  that  the 
slightest  variations  away  from  the  modal  or  average  tyi>e  will 
bo  the  most  abundant,  and  that  the  number  of  varying  individ- 
uals will  l)e  progressively  less  the  farther  away  from  the  modal 
t yi)o  tlie  variations  of  these  individuals  arc.  That  is,  if  the  vari- 
a*  ions  in  some  characteristic  of  a  species  be  determined  for,  say, 
10,(KK)  individuals  of  the  si)ecies,  and  tabulated,  and  a  curve 
erected  to  express  graphically  the  facts  of  this  variability,  this 
curve  will  practically  coincide  with  that  one  which  would  simi- 
larly express  the  variation,  if  the  variation  actually  occurred 
according  to  the  mathematical  law  of  the  frequency  of  error; 
this  theoretical  curve  being  obtained  by  the  formula  deduced 
originally  by  Gauss  at  the  Iwginning  of  the  last  century.  Fig. 
8^i  shows  graphically  how  certain  studied  cases  of  continuous 
variation  reveal  the  condition  expressed  by  Qiictelot's  law. 

As  compared  with  discontinuous  and  sf)ort  variation,  con- 
tinuous variation  is  by  great  odds  the  more  common.  Hateson, 
an  Kngli.sh  student  of  variations,  has  attempted  to  show  that 
discontinuous  variations  are  more  common  than  is  generally 
l)elieved,  and  has  filled  a  large  volume  with  accounts  and  illus- 
t nations  of  such  alleged  variations.  Hut  it  him  been  jiroved 
that  many  of  these  are  cases  of  teratogenic  regeneration,  or  ab- 
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ftanaal  restoracioa  oc  cnjnred  p^r%^.  fkhers^  too.  mre  of  a  char- 
acter wiiidi.  CO  nuuLv  pc«>pie.  will  noc  seem  to  be  dLsrontinuous 
at  all.  bfit  (?ofitinTi*>rjt?.  For  exampie.  differences  in  number  of 
antenna!  or  tarsil  secmentd  in  izksect?  are  called  by  Bateson 
cashes  or  «ii;sconcinis!X&«  variation  if  the  differences  are  only  by 
one  secmient.  Brit  a$  the  differences  cannot  well  be  less  than  a 
whole  seznaenz .  variacioo:?  in  number  of  segments,  if  represented 
by  all  the  succestive  numbers  between  the  lowest  and  highest 
number  ot  sefi:ments  obser\-eti.  mav  fairlv  be  called  continuous: 
that  is.  strir^ly  graiiatory. 

Ii  may  be  of  interest  to  note,  for  the  purposes  of  explaining 
by  concrete  examples  the  \-arin?js  phases  or  categories  of  varia- 
tion alreaiiy  name«i.  some  specific  examples  exemplif\nng  each 
category*.  The  following  are  taken  from  a  paper  on  variation  in 
insects,  which  reconis  a  number  of  statistical  studies  of  varia- 
bility made  by  the  junior  author  of  this  book  and  !^Irs.  Bell- 
Smith. 

To  di.stineiii>h  abc?4^lutely  between  acrjiiircd  variation  and 
congenital  (or  hiastngpnir)  variation  is  a  matter  which  can  Ik? 
done  in  but  comparativt-ly  tow  cases.  Whether  a  variation  hi" 
congenita!  or  whether  it  l»e  acvjuired  during  the  development  or 
life-time  of  the  individual  showing  it.  this  variation  cannot  Ik» 
reeognize<i  until  after  a  considerable  part  of  the  development 
has  been  undergone:  if  it  is  a  variation  in  an  a<hilt  structure  or 
function,  all  of  the  development  must  have  been  conipleteil. 
The  variation  is  apparent  only  after  it  is  unfolded:  only  after 
the  part  it  appears  in  has  reached  its  definite  stage  of  completed 
growth  and  development. 

Now,  who  is  to  say  whether  this  variation  was  or  was  not 
imiK)sed  on  the  individual  showing  it,  during  this  long  develojv 
ment  and  immature  life  as  a  result  of  some  external  influence 
brought  to  l)ear  on  the  varying  part  during  the  development? 
Wo  know  that  such  extrinsic  influences  do  modify  parts  and 
functions  during  individual  development,  and  so  we  must  Ix? 
verv  careful  when  we  claim  tliat  this  or  that  variation  is  con- 
genital  and  not  accjuired.  Yet,  how  all-important  it  is  to  make 
the  distinction  is  apparent  when  we  recall  the  fact  that  mast 
biologists  are  agrw^d  that  acquired  characters  (variations)  can- 
not b(»  inherited,  so  that  new  s|x*cies  can  be  built  up  only  on 
the  basis  of  congenital  characteristics. 

In  tlie  case  of  insect  variations,  a  criterion  for  distinguishing 
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between  the  congenital  and  acquired  condition  is  at  hand, 
thanks  to  the  unusual  character  of  the  development  of  certain 
specialized  insects,  namely,  all  those  that  undergo  a  complex 
metamorphosis. 

**  Without  by  any  means  exhausting  the  subject  of  the  postembry- 
onic  development  of  insects,  entomologists  have  become  sufficiently 
well  acquainted  with  the  phenomena  attending  this  development  to  be 
able  to  confirm  absolutely  (in  essential  characters)  Weismaim's  dis- 
coveries in  the  larva  of  the  'imaginal  discs'  as  the  independent  embry- 
onic centers  from  which  develop  the  wings,  legs,  antenmr,  and  some 
other  parts  of  the  winged  adults  (imagines)  of  insects  with  complete 
metamori)hosi8.  That  is  to  say,  in  all  the  insects  whi(»h  hatch  from  the 
egp  in  a  larval  condition  markedly  different  from  the  definitive  condi- 
tion of  the  species  in  its  fully  developed,  mature  stage,  many  of  the 
adult  organs,  as  the  external  parts  of  the  head,  and  the  legs  and  wings, 
are  produced  not  by  a  gradual  development,  growth,  and  transforma- 
tion of  the  corresponding  larval  parts,  but  by  a  8jx?cial  development  in 
late  larval  life  and  during  the  pupal  stage,  the  final  structures  being 
formed  from  small  groups  of  previously  undifferentiated  subembryonic 
c«»lls.  These  cells  are  derived  in  the  case  of  th(»  external  parts  just 
nanunl  chiefly  from  invaginations  of  the  larval  cellular  skin  layer.  In 
the  larva  (maggot)  of  a  house  fly,  for  example,  there  are  no  functional 
Ifgs  or  wings:  there  are  no  external  signs  (buds,  pads)  of  these  organs  at 
any  time  in  the  larval  stage. 

**  In  the  larval  life  there  can  be  no  possible  molding  influence  on 
these  future  adult  organs  of  the  nature  of  a  direct  response  or  n»action 
to  the  immediate  environment.  We  might  assume  such  an  influence 
|K>s8ibIe  if  the  ^ings  and  legs  were  slowly  transformiiifi:  external  struc- 
turf»s  subject  to  attempts  at  or  actual  functional  use  in  flight  or  crawling 
during  the  larval  life.  At  pupation,  the  winp?  and  le^s  suddenly 
ap|N*ar  ixs  external  parts,  but  still  equally  functionless,  and  now  wholly 
concealed  and  protected  by  the  opa(|ue  chitinized  wall  of  the  puparium. 
With  the  final  issue  of  the  adult,  the  wings  and  leps  appear  for  the  first 
time  in  functional  condition,  and  with  the  simple  ne(»d  of  unfoMinp, 
expanding,  and  drying  the  outer  wall,  an  operation  re<|uiring  but  few 
moments,  they  appear  at  this  time  in  their  definitive  fully  (ieveloi)e(l 
condition.  The  wings  have  the  arrangement  of  veins  and  numlnT  of 
spines  and  fringing  hairs;  the  legs  have  the  armature  of  spines  and 
s|)ursaiid  the  numl>er  of  segments  which  they  retain  unchanged  through 
the  short  or  longer  adult  life.     The  wings  and  legs  of  the  adult  of  all 
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taateiA  with  mmf  fete  rngtaaxMrpbgyst* — and  die  ixuvrt^  of  thi^  rateemy 
iorioiit  sO  the  beedeti  'Cofeopcer^  .  cvo-vinsNi  &s  Flipten  >.  rootlks 
Mod  baaerfBgr^  <l«pfiiLPpc«rs'.  aat^.  bers.  w:i:S|)e,  fsdl  ffiesc  and  ich- 
CMHBiMQtf  ■  HTiiHflO|fCerk  I.  ao^i  »aie  ochrr  ordpr? — are  expcMed  during 
their  deTefepcneat  to  just  ooe  type  of  extriiuir  influenrps,  namely. 
tho^e  of  ntxtrmaru  tempcnture,  hmnkfitT,  etc.  The^  influences 
allert  the  whole  botiy  and  iiietabofian  of  the  body-developinf:  insect. 
Bat  they  hare  no  <firect  relatioQ  to  spmfir  parts. 

*'.\n  important  s{)€cial  enTirooine  condition  of  life,  and  one  that 
eertainhr  works  direct  and  obvious  influence  on  the  body  wall  of  certain 
animal*,  b  what  may  be  called  the  chromatic  condition  of  the  environ- 
ment. Color  and  pattern  adapted  to  the  needs  of  protection  or  ag- 
pgjgion  are  phenoooena  familiar  throughout  the  animal  series.  Most 
of  mrh  color  and  pattern  conditions,  catalogued  under  the  head  of 
protect i\'e  resemblance,  mimicry,  warning  colors,  etc..  are  fixed  con- 
ditions as  far  as  the  indi\'idual  is  concerned,  presumably  brought 
about  by  the  age-long  action  of  natural  selection. 

"\ot  a  few  animals  di'«{>laythe  rapabilities  of  achiexine  niarkp«l 
adaptive*  changes,  i.  e..  actjuired  variatioii:«.  during  their  immature  life 
(lKistenibr\'onip  devel«>pnieiit '.  But  it  is  obxious  that  inse<*ts<>f  rom- 
plete  metamoq>hrtesis.  whioh  |»oi;%<e3!s  in  adult  stage  a  cn^lor  s<*henie  ami 
pattern  wholly  different  from  that  of  the  lar>-a  or  pupa  and  one  whi<*h 
is  not  apparent  until  it  appears  in  fixed  definitive  condition  on  the 
emergenr-e  Jand  drxnnpj  of  the  imago  from  the  pupal  cuticle,  cannot  lie 
conmvp<i  to  show,  in  their  oolor  pattern,  variations  due  to  individual 
a^laptive  fhaiigps.  That  is,  variations  in  this  <'olor  pattern  among  the 
individuals  of  a  s|HMMes  are  not  acquired,  hut  are  strictly  congenital, 
except  in  so  far  as  they  are  pnKlui'eil  by  the  general  influenct»s  of 
nutrition,  tem|»erature.  etc.,  working  i^ithout  reference  to  the  external 
chromatic  conditions  of  the  environment. 

*•  Kven  such  all-|)ervading  influences  as  nutrition,  temj>erature, 
humidity,  and  light  maybe,  and  in  many  canes  obviously  are,  so  nearly 
practically  identical  for  all  the  members  of  one  brocxl,  or  even  for  all 
the  individuals  of  the  s|MM'ies,  that  they  can  have  little  or  no  influence 
in  causing  variations.  For  conspicuous  example,  the  case  of  the  honey 
lx»e  rnay  1k'  noted.  Here,  all  the  larv'ie  live  .side  by  side  under  identical 
conditirins  (thos<»  of  the  hive)  of  temi)erature,  humidity,  and  light,  and 
the  distribution  of  exactly  similar  food  to  them  in  similar  quantity  is 
probably  as  nearly  exactly  uniform  as  could  be  guaranteed  under  our 
most  careful  artificial  ex|)eriniental  condition.s.  The  pupte  are,  mon*- 
over,  under  identical  conditions  of  temperature,  moisture,  and  light,  so 
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that  when  the  adults  iseue,  the  variations  to  be  found  in  any  of  their 
parts  may  with  complete  confidence  be  ascribed  to  prenatal  influences, 
to  intrinsic  causes.  They  are  purely  blastogenic.  Similarly,  the  con- 
ditions of  life  of  the  developing  individuals  of  all  the  other  social 
insects,  the  termites,  ants,  and  social  wasps,  are  practically  identical. 

"  The  variations,  therefore,  in  the  color  pattern  of  Diabrotica  (Fig. 
75),  Hippodamia  (Figs.  72,  73  and  74),  and  Vespa  (Fig.  76)  (insects 
of  complete  metamorphosis  with  all  adult  external  structures  never 
exposed  to  outside  conditions  until  in  definite  unchangeable  condition), 
are  congenital  variations.  Of  the  same  nature  are  also  the  structural 
variations  in  the  character  of  the  venation  and  the  number  of  wing 
hooks  in  the  honey  bee  (see  Fig.  94).  But  the  variations  in  the  pat- 
tern of  the  prothorax  of  the  flower  bug  (Fig.  77),  and  in  the  number 
of  spines  on  the  tibisB  of  the  red-legged  locust  (Fig.  78),  and  the  cicada 
(Fig.  79),  may  be  in  part  acquired.  In  these  latter  cases  the  insects, 
not  having  a  complete  metamorphosis,  have  during  their  immature 
life  these  color  and  structural  characters  in  formative  condition,  and 
to  some  extent  in  use.  They  are  therefore  exposed  to  the  continuous 
influence  of  their  environment." 

It  might  be  thought  that  we  could  determine  whether  varia- 
titnis  arc  congenital  or  accjuircd  incases  in  which  wc  arc  thor- 
oughly ac(juaintcd  with  the  character  of  tlic  environment  or  ex- 
trinsic influences  which  have  surrounded  the  individuals  during 
their  development.  In  experimental  cases  wc  can  control  this 
environment  and  make  it  identical  for  all  of  a  given  lot  of 
individuals,  or  measurably  varying  for  different  lots.  Then 
by  comparison  we  can  determine  wliat  characteristics  still  vary 
among  those  individuals  exix)sed  to  identical  environment — 
thes(;  variations  should  be  congenital — and  what  now  kinds  of 
variations  apjwar  in  those  individuals  cxiK)sed  to  diffen^nt  en- 
vironments— tht^se  should  be  acquire<l  variations.  This  has 
lK»en  done  cxiwrimentally  for  silkworm  moths,  hy  varying 
the  FocmI  supply,  etc.,  mark(H^I  variations  have  been  produced  in 
the  size  of  larva.*  and  moths,  weight  of  silken  cocoons,  duration 
of  larval  stag(*s  (instars).  These  variations  are  manifestly 
accpiired,  and  wherever  in  nature  simple  variations  in  dimen- 
sions are  found  amcmg  individuals  of  a  s})eci(»s,  this  is  due  un- 
doubtc<lly,  to  greater  or  lesser  extent,  to  differing  conditions  of 
nutrition.  But  we  know  w(»ll  that  a  practically  identical  food 
supply  given  to  domesticated  animals  or  human  beings  can 
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never  make  all  the  individuals  of  a  single  brood  or  family  nf  the 
same  size.  Part  of  the  dimensional  variation  is  due,  therefort, 
to  congenital  causes.  In  a  beehive,  the  condition  of  temper- 
ature, humidity,  and  food  supply  are  practically  identical  for 
all  the  developing  bees,  and  yet  bees  bom  of  ^ga  laid  by  a 
single  queen,  reared  at  the  same  time  in 
the  same  hive,  vary  largely  in  such  easily 
determinable  and  important  matters  as 
venation  of  the  wings,  number  of  hooks 
used  in  holding  the  two  wings  of  one  side 
together,  color  pattern,  etc.  Undoubtedly, 
these  variations  are  strictly  congenital,  hence 
inheritable,  and  therefore  of  a  character  to 
serve  as  a  basis  for  species  change. 

With  regard  to  examples  of  continuous 
and  discontinuous  variations,  wc  take  the 
ni  of  deer     following  from  the  paper  on  "Variation  in 
Insects": 


llflMni 


wily  .1 


"Uy  coiilinuoiis  variations  we  refer  to  (hose 
varijiti<ni!t  mentioned  above,  varioiiwly  I'alleii 
flurtuiiliiiji,  individual,  etc.,  which  arc  preaeMt  in  any  Maries  of  indi- 
viduals of  a  s|x?<-i<;s,  and  whi<'h  cluster  about  the  modal  or  must 
abutiduiitly  represented  furins  of  the  8|)ceies,  as  would  be  expected 
from  the  law  of  error  (liiw  of  probabilities)  dis- 
cussed alxiw. 

'1'ivolution  and  Adaptation,'  ob- 
i  of  'contiiiuous'as  a  descriptive 
II  the  ground  that  the 
r  continuity  through 
Meems  to  ua,  however, 
ic,  if  'continuous' be 
currinE  variations  in 


i  ixirsiMtcncc  o 


—Turtle   wiih 


'■  .Mor^un, 
jects  1(1  the  u 
name  for  thcMi 
woni  suKK^'itts 
eui-L'c»!)ivc  p-ricrations.  It 
that  the  name  is  an  apt  i 
taken  to  mean  that  the  o 

any  {sulficietilly  large)  wt  of  individuals  fonn  a 
coiitiniKius  series,  the  cxtremcB  being  cunneclcd  B«<««n,) 
or  immediiitely  nicrgitig  into  ea<'h  (jther  by  a 
series  iif  sinull  griidatory  stcjw.  By  'discontinuous'  variation,  we 
wnukl  nieiin,  in  contrast  to  lontinuous,  such  considerable  and  radical 
changcH  iisluive  been  variously  i-allcdsiiigk?  variations, e|iorts, saltations, 
mututioii.4.  etc.;  that  is,  varijilions  which  are  not  members  of  graded 
series  and<lo  not  group  themselves  in  orderly  manner  about  the  modal 
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Fio.  Se.—Child  with  mx 
toes  on  each  foot.  (After 
Bateson.) 


species  form  according  to  the  law  of  error.  Although  often  not  large, 
they  are  yet  rarely  so  minute  as  those  differences  which  distinguish  the 
adjacent  members  in  any  series  of  individuals  arranged  on  a  basis  of 
continuous  or  fluctuating  variation.  Mutations,  according  to  the  usage 
of  de  Vries,  discontinuous  variations  may  or  may  not  be.  Thus,  all 
mutations  might  be  called  discontinuous 
variations,  although  not  all  discontinuous 
variations  are  necessarily  de  Vriesian  muta- 
tions, that  is,  certain  to  breed  true  under 
varying  conditions  of  environment. 

"  As  a  matter  of  fact,  not  all  continuous 
variation  follows  the  law  of  error:  the  curve 
or  polygon  of  frequency  is  not  infrequently 
an  unsymmetrical  one:  'skewness' prevails; 
that  is,  the  highest  part  of  the  curve  may  be 

nearer  one  end,  or  the  curve  may  even  be  bimodal.  But  neverthe- 
less the  *  continuity'  of  the  variations  is  unmistakable.  In  a  suffi- 
ciently large  series  the  extremes  of  the  range  are  perfectly  connected 
with  the  mode  or  modes  and  hence  with  each  other  by  gradatory  steps 
very  small  in  size.  Whatever  the  largeness  of  the  difTorence  between 
the  extremes,  any  two  adjacent  members  of  the  scries  are  hardly  distin- 
guishable. This  gradual 
kind  of  variation,  in- 
stMisible,  but  yet  effective 
(as  regards  widely  sepa- 
rated meml)ers  of  the 
series),  is  most  ty])ically 
ill  list  rated  in  cases  of 
what  Bateson  calls  'sul)- 
stantive'  variation,  that 
is,  where  the  varying 
characteristic  is  one  of 
pattern,  of  length,  width, 
or  bulk,  of  the  curving 
of  a  vein  or  leg  or  spine. 
Excellent  examples  of  this 
continuous  substantive  variation  are  presented  by  the  abdominal  and 
face  patterns  of  Vespa  (see  Fig.  76),  and  the  elytral  pattern  of  IMa- 
brotica  (see  Fig.  75). 

"According  to  Bateson,  variations  in   nunil)er  of  antennal  and 
tarsal  segments,  number  of  spines,  hairs,  or  other  processes,  and  other 


Fio.  87. — Ryefltalka  of  a  decapod  diiwecte<l  out: 
on  the  right  an  antenna  has  regenerated  out  in 
place  of  an  amputated  eye;  opt.,  optic  nerve. 
(After  Herbst.) 
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such  numerical  or,  as  called  by  him,  meri^cir  variatiutis.  must  be  l«»kt-«l 
on  as  different  in  kind  from  the  substantive  vanatiori« — Kh*jse  v^if^l'h 
of  perfect  merging  from  one  condition  to  another — In  other  wi>riis. 
practically  incapable  of  quantitative  measurements.  Therae  meristic 
variations  are  called  discontinuous  by  Bateson.  T\i>icaJ  examples  are 
the  variation  in  the  number  of  the  costal  wing  hooks  in  bees  arid  ants, 
the  number  of  tibial  spines  in  the  locust  and  cicada,  the  number  of 
rrietathora^ric  tactile  hairs  in  biting  bird  lice,  etc.  But  when  one  stojis 
to  consider  the  fact  that  in  all  these  cases  variation  could  hardlv  oi^tur 


I  i<..   hH.      Variation-  in  (mttcrn  of  wingM  of  l*erunta  criaiana.      (After  Clark  J 


by  any  steps  l«*ss  than  th()s<'  of  one  liook  or  one  spine  or  one  hair,  that 
a  half  hook  or  half  antennal  sejijinent  is  ineonreivable,  serious  doiil)ts  as 
to  th«'  vahdity  of  Hateson's  elassifieation  of  variations  as  eontiniioiis 
and  (lis<'r)ntinuous  will  eertainly  result.  The  doubt  is  stnMi^theniMl 
by  th(?  difhculty  of  a  clean  classification  presented  by  such  eas<'s  as  that 
of  IlipiuHlmtna  amvcnjtnMi  (Fi^.  72,  l\^  and  74).  Here  W(»  have  a 
substantive  variation  in  pattern,  apiKtarin^,  however,  in  such  a  way  as 
to  demand  numerical,  i.  e.,  nieristic,  expression.  One  s|K*cinu*n  has 
nine  elytral  s|M)ts,  another  t<Mi,  another  eh^ven,  and  so  on:  the  whol«» 
ran^^e  is  indeed  from  nau<>:ht  to  ei«rlit<M»n,  with  every  number  U'twecu 
repres<'iit«M|,  each  by  various  combinations  of  spots. 

"  Hut  it  is  conceivable',  and  indeed  is  really  the  case  anion^  our 
sjM'cimcns,  that  these  spots  mi^ht  Iw  either  of  normal  size,  or  of  any 
les.s4M-  size  down  t«»  the  limits  of  visibility.  Some  of  the  spots  an'  of 
the  diameter  of  pin  points,  sonu'  of  tht^  pin  shaft,  and  some  of  |)in 
heads.     There  is  iH*rfect  gradaticjn  and  continuity  in  this  variation. 
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And  even  in  such  cases  ae  variationB  in  spines  and  hain,  this  gradation 
might  exist:  and  indeed  it  does.  Although  in  oUr  consideration  of  the 
.variation  in  the  number  of  the  tibial  spines  of  the  locust  and  cicada 
and  in  the  number  of  the  tactile  hairs  of  the  bird  lice,  we  have  referred 
to  these  variations  only  numerically,  i.  e.,  meristically,  as  a  matter  of 
fact  there  are  obvious  differences  in  the  length,  i.  e.,  sise,  of  the  spines 
and  hairs,  so  that  it  would  be  wholly  fair  to  break  down  the  unit  differ- 
ences and  speak  of  differences  by  one  quarter,  one  third,  and  two  thirds 
of  a  spine.  For  the  tibial  spines  of  the  locust,  we  have  actually  re- 
corded the  conditions  in  the  tonn  of  frac- 
Uons.  But  in  the  case  of  a  hook  or  an 
antennal  or  a  tarsal  a^ment  it  is  a  unit  or 
noUun;;. 

"To  our  mind,  the  distinction  between 
sub6tanti^'e  and  meristic  variation  is  not 
at  all  ei|uivalent  to  a  distinction  between 
continuous  and  discontinuous  variation. 
It  is  a  distinction  t>etween  two  categories 
of  variation  only  in  that  one  cat«^ry  in- 
cludes such  conditions  as  permit  more 
readily  oF  extremely  slight,  nearly  insensi- 
ble, ])racticjilly  unmeasurable  differences, 
as  Ihime  of  juittem  or  shu|>e  or  extent, 
while  the  otlier  category  includes  partic- 
ularly conditions  in  which  any  variation 
niust  of  iici'eHMty  be  fairly  (diviouH,  and 
a-mally  capuhle  of  nimierical  cxpreiwion. 

"  But  we  believe,  nevertheless,  that  variations  really  disiontiriuous 
wTUr  aiiiotig  iiise<-ts.  For  example,  the  oi-curremv  of  iiitcriKikted, 
wholly  new,  and  cnin)>lete  cells  (deU-nnined  by  the  pn'wnce  of  new 
cnew  vcitirt  or  branches  of  longitudinul  veina)  in  the  fore  and  hind 
wings  of  dnme  honey  bees  (Figs.  03  to  9(>)  and  the  ocemreiii-e  of 
rurioiis  malformations  of  voiiutioii  among  dn)ne  Im-ch  must  Ix-  liHiki>d 
on  oM  N|H)rls  or  truly  disconlinuous  vuriution.H.  Tlic  n-giilur  oct'um'iice 
(ifa  foiir-sa-gmentcd  foot,  perfectly  ivsmpli-le,  funclioiiul  in  those  iinnier- 
«us  H|>eiiinens  of  cockroach  (Fig.  8!l),  iit  which  nntund  rc^'iicrution 
lias  taken  place,  may  be  looked  on  as  an  example  of  disi'Diitiniiou.t 
variation.  Although  no  difference  in  tarsal  scginenls  less  than  that  of 
one  is  iimi'eivnble,  it  is  ijuite  concvival>le  that  the  fiM  with  one  fewer 
tluin  the  nonnal  numlier  might  ]»•  in  such  coiiititioii  tliiil  it  would  lie 
obviously  a  five-segmented  foot  with  one  segnieiit  dropiied  out:  iik 
11 
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other  words,  that  when  compared  with  a  normal  five-eegmented  foot  it 
would  appear  to  be  a  modification  of  such  a  foot  with  some  one  segment 
wanting.  But  that  condition  is  not  at  all  what  appears  after  the  cock- 
roach regenerates  a  foot.  The  new  foot  is  only  very  little,  if  any, 
shorter  than  the  normal  five-segmented  foot  (see  Fig.  89) :  one  cannot 
say  that  it  is  precisely  this  or  that  segment  which  is  lost.  It  is  a  new 
kind  of  foot,  apparently  just  as  capable,  as  'fit,'  as  useful  as  the  five- 
segmented  kind.  We  have  regularly  occurring,  in  these  cases  of  re- 
generation, the  development  of  an  entirely  changed  organ,  similar  as 
a  whole  to  the  old  one,  but  different  from  it  in  all  its  parts;  this  differ- 
ence not  being  one  of  incompleteness,  or  serial  addition  or  subtraction, 
but  the  difference  of  newness.  It  is  the  regenerative  mutation  of  an 
organ  I" 

In  five  years  of  experimental  rearing  of  the  silkworms  for 
the  sake  of  studying  phenomena  of  heredity  and  variation,  the 
jimior  author  has  been  able  to  record  numerous  cases  of  discon- 
tinuous or  sport  variation  such  as  the  absence  of  the  usually 
well-develo])od  caudal  horn  of  the  larva,  melanism  in  larvtp, 
double  coeooning  or  absence  of  cocoon  in  the  pupal  condition, 
congenital  monstrous  loss  of  a  whole  wing  in  the  adult,  striking 
aberration  of  tlie  wing  pattern  in  the  adult,  etc.  But  the  great 
mass  of  variation  ever  present  and  readily  observable  among 
the  scores  of  thousands  of  silkworm  individuals  reared  and 
carefully  scrutinized  has  been  of  the  continuous  (fluctuating  or 
Darwinian)  type. 

A  special  type  or  kind  of  discontinuous  variation,  that 
exemplified  by  the  so-calkn.!  de  Vriesian  mutations,  is  discusseil 
at  the  end  of  this  chapter. 

The  matter  of  determinate  variation  is  discussed  as  follows 
in  the  same  paper: 

"Tlie  theory  of  determinate  variation  is  based  on  the  h>']K)thesis 
that  fUictuiitiiig  variations  are  not  in  all  cases,  nor  necessarily  in  any 
case,  purely  fortuitous  and  scattering,  but  that  because  of  some  in- 
trinsic^ or  extrinsic  influence  they  tend  to  occur  along  definite  or 
detcTininate  lines.  The  need  for  the  theory  rests  on  the  claimed  inad- 
ecjuacy  of  slight  fortuitous  variation  in  offering  selection  a  sufficient 
'handh*'  for  action.  The  gn»atest  logical  difficulty  with  the  theor>'  is 
that  none  of  the  influences  which  are  known  is  adequate  to  cause  such 
an  effect  as  that  of  prcxhicing  |H»rsistent  determinate  variations.  In 
the  cas(j  of  any  developing  individual,  determinate  variation  can  be 
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attained  by  controlling  the  environment  (kind  and  quantity  of  food, 
degree  of  temperature,  humidity,  and  light,  etc.),  but  if  such  variations 
(modifications)  acquired  during  development  are  not  inherited,  there 
will  be  no  advance,  generation  after  generation,  along  any  line.  There 
will  be  no  cumulative  eflFect  of  such  determinate  variation.  The  con- 
stant repetition  of  a  certain  environment  on  generation  after  genera- 
tion of  a  certain  species  would  of  course  produce  a  constant  repetition 
of  certain  indiNidual  modifications  (orthoplasy),  but  we  do  not  know  as 
yet  of  any  actual  effect  on  the  species  of  such  persistent  ontogenic 
variations. 

**  The  need,  however,  for  some  such  factor  in  species-forming  as  de- 
terminate variation  is  obvious  and  strongly  felt.  There  are  certainly 
few  selectionists  left  who  honestly  believe  that  the  minute  fluctuating 
variations  in  pattern,  in  size,  in  curve  of  a  vein,  in  length  of  a  hair,  etc., 
have  that  life-and-death  value  which  is  the  sole  sort  of  value  that  an 
'advantageous  variation '  must  have  to  be  a  serviceable  handle  for  the 
action  of  natural  selection.  As  a  matter  of  fact,  no  systematist  will 
have  escajied  having  had  it  distinctly  impressed  on  him  that  he  recog- 
nizes differences  in  the  pattern  of  ladybird  beetles,  in  the  number  of 
fin  rays  in  fishes,  in  the  branching  of  a  vein  in  flies'  wings,  that  no 
enemy,  no  agent  of  natural  selection,  can  recognize,  at  least  to  the 
extent  of  pronouncing  sentence  of  death  (or  not  pronouncing  it)  on 
its  basis.  And  further,  no  biologist  really  satisfies  himself  with  the 
worn  statement: '  We  must  not  presume  to  judge  the  value  of  these  triv- 
ial, these  microscopic  differences,  for  we  do  not  know  all  the  complex 
interrelation  and  interaction  of  the  organism  and  its  environment.' 
We  do  not;  but  we  do  know  for  many  cases  that  such  differences  are 
not  actually  of  life-and-death  st^lective  value,  and  reason  comi>els  us  to 
Ijclieve  to  a  moral  certainty  that  in  other  cases  these  fortuitous  trivi- 
alities have  similar  lack  of  life-and-death  importance. 

**  Directly  touching  this  point  are  our  data  of  the  variation  of  series 
f>f  honey  lx»es  collected  from  free-flying  individuals  after  exposure 
as  adults  to  the  rigors  of  outd(M)r  life,  as  compared  with  the  variation 
in  the  series  of  l^ees,  adults,  but  collected  just  when  issuing  from  the 
(•elLs  b(?fore  l)eing  exposed  as  adults  in  any  way  to  the;  external  dangers 
of  living.  Series  of  l)oth  drones  and  workers  n^|)rcsenting  both  exposed 
and  unexpose<l  indi\n(luals  were  studied.  The  results  of  this  examina- 
tion are,  that  the  variation  among  the  exposed  individuals  is  no  less 
than  that  among  the  unexposed  individuals.  This  means  that  these 
various,  mostly  slight,  blastogenic,  variations  (although  in  such  im- 
{)ortarit  organs  as  the  wings),  which  occur  among  bees  at  the  time  of 
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their  iwuanra  as  active,  winged  creatures,  are  not  of  sufBrirat  advan- 
tAge  or  difladvantage  to  the  indinduals  to  lead  to  a  weeding  out  tn- 
death  or  aanng  of  wich  varying  indi\'iduals  by  immediaie  vleciii'e 
action,  ^\'hate^■e^  the  rigor  and  danger  of  ibe  outdoor  bee  Efe,  ibeae 
variations  seem  to  be  insuffinenl  to  nit  any  figure  in  ibe  penistefMe  or 
UMipersistence  of  any  individual  in  tbe  face  of  this  rigor. 

"A  case  vfairfa  rrally 
seems  to  illustrate  deter- 
minate variation  is  that  of 
the  \-ariati<m  of  the  flower 
beetle,  Diabnliea  Mmv  iFij;. 
7o).  Among  a  thou^iand  iii- 
di^'iduals  collected  on  the 
UnitTrsir  campus  in  IS95. a 
certain  condition  of  \'ariation 
in  the  eljiral  pattern  exi*!-*. 
as  represented  graphically  by 
Fig.  9U.  In  1901  and  I'.NIL'. 
ochcr  thou^nd^  collectcJ 
from  the  !jan)e  platv  and 
exaniiiird  10  detcmiiHc  tin- 
condition  of  tlic  variatioH  in 
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Flu.  ftl-— Fmiiiency  Pol>'ffiv  ot  variation  uf 
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t.Tii^a  ri-'Wrr  livrrlr.  H..it^i'cu  Kn'.nJWtv.l 
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tinctly  diffeif  nt  status, 
ludtraied  in  Fic!>.  91  and  92. 
(To  be  sure  that  a  serins  of 
a  thousand  indi^itluals  n'ally 
re^'eals  the  conditions  of  tiiis 
pattern  variation,  rejicatcd 
series  of  1,000  iiidiviiliLiU 
each  were  examined  and 
found  practii-ally  ideiitii-al) 
The  difTereni-e  in  tlw  varia- 
l*i!l.'>  lot  and  tlte  HXIl-2  lots  coii«sts  in  the 
li>niiii:in<v  in  I'.lll-i'  of  one  of  lU'  two  nuxlal  conditions  found  to 
■\ist  in  tlif  sjirirs.  whlili  in  I'^'Ci  wus  not  the  dominant  one.  Tiwrr 
uis  Uvn  a  marked  i-h:iii»-  in  si'veii  years,  not  in  the  pattern  itself 
>ui  i:i  the  I'n'val.'iiiv  or  dominaniv  of  one  t>-}x- of  pattern.  Ila.sthe 
■liaiii:.'  UiTi  l>n>ii!:lit  ;iliowt  by  iiatiir.il  sek-etion^  t)r  IS  it  tbe  n>sult 
n'  :i  ili'terniinaie  variation  eau^^!  by  we  knoir  Hot  what  uilrinsie  or 
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"When  one  straightenB  up  after  a  p«refu]  microacopic  examina- 
tion of  the  pattern  of  Diahrotira  to  determine  its  variation,  one 
is  sure  that  no  other  enemy  of  these  flower  beetles  can  be  conceived 
to  use  such  discrimination  aa  ours.  Does  the  fly  catcher  swoop- 
ing from  its  station  on  fence  post  or  tree  branch  determine  which 
of  two  heavily  flying  Dia- 
bmHeat  sliall  be  its  prey  on 
th^  basis  of  '  two  middle 
i^ts  on  left  elytron  partjal- 
ly  fused'  in  one  and  'these 
two  spots  not  touching'  in 
the  other?  To  our  minds 
the  change  in  variation 
statiifl,  the  dominance  of  one 
mode  lo-(lay  which  was  the 
siilK>rdinatc  mode  in  189.5, 
is  not  due  to  the  action  of 
sclcctJon.  We  do  not  indeed 
lie^itate  to  l^elieve  in  those 
'uniciiown  factors  of  evolu- 
tion '  which  may  prmluce, 
among  other  results,  that 
condition  of  affairs  best 
named  '  determi  nate  varia- 
tion.' This  variation  is  not 
necessarily  to  be  conceived 
of  as  purpoatful  or  even 
advBtilageoua ;  if  by  its 
cuniulation  it  becomes  a 
disHilviitilikge  of  life  -  anil  - 
(h'ath  value,  natural  selec- 
tion, which  is  after  all  a 
h^ciU  necrsMty  an<i  im- 
doubtttlly  an  actual  actively  i 
take  cure  of  it." 


V&rlttes5l3 

Fii).  91. — Prequraoy  polygon  of  v 
elyusl  laltem  in  00.1  ii|>erimeiu<  i 
lioilllt  fltiwer  Inlls,  Ihahnilira 
IkIwI  X  SKuifor.!  lT„iven.ily,  Oct 
(ACWr  K«l]»ur  and  Hell.) 


'giilativc  fu<'tor  In  spefues  control,  will 


In  the  light  of  thp  forflgoing  discussion  of  tlie  categories  and 
cliaracrtera  of  variations,  it  is  obvious  that  a  well-grounded 
knowle<I^e  of  variability  and  variations,  a  knowledge  bastnl  on 
ran-ful  extensive  statistical  and  cxiM'rinicntitl  stiidie.s,  is  essen- 
tial aa  a  basia  for  any  efTectivo  investigation  of  the  factors  and 
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able.     The  nature  and  results  of  fertilization  and  amphimixis 
are  treated  in  Chapter  XIII. 

But  parthenogenetically  produced  individuals  (that  is, 
young  bom  from  unfertilized  eggs — ^as  the  honey-bee  drones, 
certain  whole  generations  of  various  gall  flies,  saw  flies,  aphids, 
etc.,  etc.,  regularly  are)  also  vary. 
In  the  case  of  male  bees,  male 
ants,  female  aphids,  etc.,  etc.,  the 
individuals  differ  quite  as  much  as 
do  individuals  of  the  same  species 
of  bisexual  parentage.  Comparing 
the  variation  in  drone  bees  (par- 
thenogenetically produced)  as  com- 
pared with  that  of  the  workers 
(from  fertilized  eggs),  we  find  that 
this  is  true.  The  organs  examined 
for  variation  in  these  series  of  bees  were  the  wings,  organs 
used  by  both  drones  and  workers,  and  having  no  immedi- 
ate relation  either  structurally  or  physiologically  to  the  differ- 
entiation of  those  two  castes  or  kinds  of  individuals  of  the 
honey-bee  species.  The  workers  are  "  incomplete  "  only  in  that 
most  of  them  arc  infertile:  in  no  other  structural  or  physiological 
feature  of  their  makeup  are  they  less  "complete"  than  the 
drones.     They  are  indeed  distinctly  the  more  speciaUzed    of 


FiQ.  93. — Fore  and  hind  wings 
of  honeybee  (drone),  showing 
normal  venation.  (After  Kel- 
logg and  Bell.) 


Kiti.  94. — Part  of  costal  margin  of  hind  wing  of  honeybee,  much  magnified  to  show 

hooks.     (After  Kellogg  and  Boll.) 


the  two,  and  according  to  one  of  the  early  Darwinian  canons  of 
variation  might  be  expected  to  differ  more  than  the  drones. 
But  the  drones  are  males  and,  according  to  another  connnonly 
accepted  belief,  this  is  the  explanation  for  a  larger  variation  on 
their  part,  if  such  larger  variation  occurs.  As  a  matter  of  fact, 
it  does.  The  drones,  in  all  the  many  series  studied,  show  mark- 
edly more  variation  in  the  venation  of  the  wings  than  do  the 
workers,  while  they  show  quite  as  much  variation  as  the  work- 
ers in  the  numl)er  of  the  hooks  whicli  hold  the  two  wings  together 
in  flight.  (See  Figs.  93  to  96.)  Both  these  characters,  i.  e., 
wing  venation  and  wing  hooks,  are  not  so-called  "male  char- 
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aeters":  they  are  not  to  be  compared  with  those  secondary 
sexual  characters  such  as  ornamental  or  aggressive  spines, 
horns,  patterns,  etc.,  which  are  the  characteristics  that  give 
males  their  special  reputation  for  ultravariation. 


Fto*  Mk-^-Fore  wings  of  honeybee  (drone),  iihowinc  variations  in  venation. 

(After  KeUod  and  BeU.) 

Finally,  with  n^ard  to  the  causal  influence  in  variation-pro- 
ducing of  the  "primary  factors  of  evolution,"  such  as  temper- 
ature, light,  humidity,  pressure,  and  extrinsic  physicochemical 
conditions  generally,  summed  up  commonly  in  the  phrase 
climate  and  environment,  we  have  one  all-imi)ortant  considera- 
tion to  keep  constantly 
in  mind.  However  po- 
tent and  obvious  the  ef- 
fects of  these  influences 
are  on  the  individual, 
we  have  no  proof  as 
yet  of  a  nature  to  com- 
pel the  general  accept- 
ance of  biologists,  that 
such  effects  can  be  car- 
ried directly  over  to  the 
race  or  species. 

Onlv  ten  vears  after 
Darwin  published  the 
"Origin  of  Species,"  von  KoUiker,  the  great  German  zoologist, 
in  criticising  the  assumptions  on  which  species-forming  by 
natural  selection  was  based  in  the  Darwinian  theory,  proposed 
an  alternative  theory  of  heterogenesis  or  sj)ecies-forming  by 
leaps  (saltations  or  mutations).  These  saltations  need  not  of 
necessity  to  be  large,  but  must  be  changes  definite  and  fixed. 
Later,  Korschinsky,  a  Russian  botanist,  outlined  in  some  de- 


Fio.  00. — Hind  winipi  of  iKmeybee  (drcme),  show- 
incTariation^  in  venation.  Note  the  interpola- 
tion of  the  cells.     (After  Keiloa  and  Bell.) 
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tail  and  with  greater  emphasis  such  a  theory  of  species-form- 
ing by  mutations;  and  finally  in  1901  Hugo  de  Vries,  the 
famous  botanist  of  Amsterdam,  published  in  extenso  the  details 
of  many  years  of  observation  and  experiment  on  the  subject  of 
mutations,  and  reformulated  definitively  a  theory  of  species- 
forming  by  mutational  or  saltational  variation,  the  now  famil- 
iar mutation  theory. 

The  following  paragraphs  from  Morgan  ("Evolution  and 
Adaptation,"  pp.  294r-297,  1903)  give  a  concise  statement  of 
tlie  actual  details  of  the  mutations  in  the  evening  primrose  ob- 
served by  de  Vries: 

**We  may  now  proceed  to  examine  the  evidence  from  which  de 
Vries  has  been  led  to  the  general  conclusions  given  in  the  preceding 
pages.  De  Vries,  found  at  Hilversam,  near  Amsterdam,  a  locality 
where  a  number  of  ])lants  of  the  evening  primrose,  GUnothera  lamarck- 
iana,  grow  in  large  numbers.  This  plant  is  an  American  form  that 
has  been  imported  into  Euroi>e.  It  often  e8ca[)e8  from  cultivation,  as 
is  the  case  at  Hilversam,  where  for  ten  years  it  had  been  growing 
wild.  Its  ra[)id  increase*  in  nunil)ers  in  the  course  of  a  few  years  may 
be  one  of  the  causes  that  have  led  to  the  a|)i>earan(*(j  of  a  nnitation 
period.  The  escaped  plants  showed  fluctuating  variations  in  nearly 
all  of  their  organs.  They  also  had  produced  a  numlx^r  of  abnormal 
forms.  Some  of  the  [>lants  came  to  maturity  in  one  year,  others  in 
two,  or  in  rare  cases  in  three,  years. 

**A  year  after  the  first  finding  of  these  j)lants  de  Vries  observed 
two  well-characterized  forms,  which  he  at  once  n^cognized  as  new 
elementary  8|)ecies.  One  of  these  was  0.  hrrn'stjflisj  which  occurred 
only  as  female  plants.  The  other  new  si)ecies  was  a  smooth-leafed 
form  with  a  more  beautiful  foliage  than  0.  lamarckinmi.  This  is  0. 
larifolia.  It  was  found  that  both  of  these  n(»w  forms  bred  true  from 
self-fertilized  seeds.  At  first  only  a  few  siK»cimens  were  found,  each 
form  in  a  particular  part  of  the  field,  which  looks  as  though  each  might 
liave  come  from  the  seeds  of  a  single  plant. 

"These  two  new  fonns,  as  well  as  the  conmion  O.  lamarrkianay 
were  collected,  and  from  these  plant^^  there  have  aris(»n  the  three 
groups  or  families  of  elementary  sjK»ciert  that  de  Vries  has  studied. 
In  his  garden  other  new  forms  also  aros<»  from  thos(»  that  had  Ix^en 
brought  under  cultivation.  The  larg(*st  group,  and  the  most  impor- 
tant one,  is  that  from  the  original  ().  Inmarrkiann  form.  The  accom- 
panying table  shows  the  nmtations  that  arose  betwei^n  1SS7  and  1S<.M) 
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from  theae  plants.  The  seeds  were  selected  in  each  case  from  self- 
fertilised  plants  of  the  lamarckiana  form,  so  that  the  new  plants  ap- 
pearing in  each  horizontal  line  are  the  descendants  in  each  generation 
dt  lamarckiana  parents.  It  will  be  observed  that  the  species,  0.  06- 
Umgaia,  appeared  again  and  again  in  considerable  nmnbers,  and  the 
same  is  true  for  several  of  the  other  forms  also.  Only  the  two  species, 
0.  giff€t8  and  0.  scintUlans,  appeared  very  rarely. 


"(ENOTHERA  LAMARCKIANA 
Elementary  Species 


Gbhehatiom. 

{ 

3ij(a8. 

Albida. 

Oblon- 
gata. 

Rubri- 
nervis. 

Lamarck- 
iaoa. 

Nan- 
nella. 

I^fa. 

8cin- 
tillans. 

VIII. 

8  Gener 

1899 
annual 

5 

1 

0 

1,700 

V 

21 

1 

VII. 

7  Gener 

1898 
annual 

9 

0 

3.000 

V 

11 

VI. 

6  Cjener 

1897 
annual 

11 

29 

3 

l.S<K) 

V 

9 

5 

_  J    - 

V. 

6  Gener 

1896 
annual 

25 

135 

20 

8.(K)0 

V 

49 

142_ 

6 

IV. 

4  Gener 

1895 
annual 

1 

15 

176 

8 

14.000 

-V"- 

60 

73 

1 

III. 

3  Gener 
189(M)1 
biennial 

1 

10,000 

3 

3 

IL 

2  Gener 
1888-89 
biennial 

-  ■ 

15.000 

5 

A 

I. 

1  Gener 
1886-87 
biennial 

9 

"Thus  dc  Vries  had,  in  his  wvcn  gciicriitions,  al><)ut  fifty  thousand 
plants,  and  about  eight  hundred  of  these  were  mutations.  When  the 
flowers  of  the  new  forms  were  artificially  fertilized  with  {lollen  from 
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the  flowers  on  the  same  pl&nt,  or  of  the  same  kind  of  plant,  they  gave 
riae  to  forme  like  themselves,  thus  showing  that  they  are  true  elemen- 
tary species.'  It  is  also  a  point  of  some  interest  to  observe  that  all 
these  forms  differed  from  each  other  in  a  large  number  of  partirulars. 
"Only  one  form,  0.  sciiititlans,  that  appeared  eight  times,  is  not 
constant  as  are  the  other  species.     When  self-fertilized,  its  seeds  pro- 


duce always  thire  other  fornis,  O.  nciiih'tlans,  0.  ohiimgatn,  and  0. 
lamarrhanii.  It  diffcrM  in  this  n-s|)cct  from  all  the  olher  elementary 
s])encs,  which  niuliitc  tint  nmrc  than  once  in  ten  thousand  indiviiluuls. 
From  the  sei-ds  of  one  of  the  new  forms,  0.  hrrijoUa,  coHc<>ted  in 
the  field,  plunis  wen^  reared,  some  of  which  were  0.  Uimnrckiaiia,  and 
others  O.  liprifolia.  They  were  sllnwcil  lo  rciiw  toRcthcr,  niid  their 
descendants  gave  rise  to  the  same  forms  found  in  the  lamarrkiana 

'  O.  lata  \n  always  female,  niid  cannot,  therefore,  l>e  sclf-fcrtiliicd. 
When  cmsHcd  wilh  O.  lamarrkiana  there  la  produced  fifteen  to  twenty  per 
cent  of  pure  lata  individusls. 
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family,  described  above,  namely,  0.  lata,  rHiplica,  nanndla,  rubri- 
tunia,  and  alao  two  new  species,  O.  apatulata  and  Uptoearpa. 

"  In  tlie  lata  family,  on]y 
female  flowera  are  produred,  and, 
therefore,  in  order  to  obtain  seeds 
they  were  fertiliaed  with  pollen 
from  other  si>e<nes.  Here  also  ap- 
peared some  of  the  new  species, 
already  mentioned,  namely,  al- 
bida,  vanudla,  lata,  obltmgala,  ru- 
brinervix,  and  also  two  new  siieries, 
tUiptica  and  xuhovata. 

"De  Vries  also  watched  th<> 
field  from  which  the  original  fonna 
were  obtained,  and   found  there 
many  of  the  new  species  that  ap- 
peared under  cultivation.    Tbese 
were    foinid,    however,    only    as 
weak    young   plants  that  rarely 
flowen-il.     Five  of  the  new  forms 
■  were  seen  cither  in  the  Ililversam  field,  or  ela;  raised  from  seeds  tliat 
had  been  collected  there.     Ttiese  facta  aliow  that  the  new  sj^'i-icM  are 
not  due  to  cultivation,  ami  that  they  ariw  year  aft«r  year  from  the 
seeds  of  the  parent  form,  O.  lamarckiatta." 


Fiu.  09.— A  bnncb  at 


As  to  this  we  may  ol)servo:    It  has  long  been knomi that 
ii)di\'idiml  variations  of  an  extreme  degree  sometimes  occur, 
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and  that  these  m&y  be  to  a  degree  persistent  in  heredity.  Of 
such  nature  was  the  Ancon  sheep,  the  Mauchamp  sheep,  the 
iceberg  blackberry,  and  numerous  other  races  or  forms  known  in 
the  domestication  of  animals,  or  the  cultivation  of  plants.  The 
generally  normal  structure  of  such  individuals  distinguishes 


tlicin  from  monatnisiticH,  which  are  usually  frcak-s  of  devclop- 
luont  rather  than  nf  Iifrcdlty. 

Tlic  name  "salttitiori/'or  in  rcwnt  yoarw  "innfalion,"'  hus 
U-cn  applied  to  extreme  llnetimtinn,  the  iinnunliittu  cause  of 
which  is  unknr»wn.  Tlie  cx|>erimentH  of  de  Vries  <iii  tlie  salta- 
tiona  of  the  dpHeendaiits  of  the  evening  primrasc  (ealhii  (JCtm- 
tkera  lamarckiann)  have  dravm  general  attention  a^ain  to  the 
possibility  tliat  saltation  has  had  a  large  part  in  tiic  process  of 


»  flry*  II 


:  g[x>lot9iuii  IH-Tiodii. 


t  (or  HulliUtioitt  but  (or  Ihu  hIuv 
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fonnatioii  of  species.  As  to  this  it  may  be  said  that  the  possible 
variation  within  each  species  is  much  greater  than  the  range 
of  the  individuals  which  actually  siu^ive.  The  condition  of 
domestication  favors  the  development  of  extreme  variation,  be- 
cause such  individuals  may  be  preserved  from  interbreeding 
with  the  mass,  and  they  may  survive  even  if  their  characters 
are  imfavorable  to  competition  in  the  struggle  for  existence. 
Among  plants  it  is  noticed  that  new  soil  and  new  conditions 
seem  to  favor  large  variation  in  the  progeny,  although  the  traits 
thus  produced  are  not  usually  hereditary.  Cases  more  or  less 
analogous  to  those  noted  by  Dr.  de  Vries  are  not  rare  in  horti- 
culture. The  cross  breeding  of  variant  forms  favors  the  ap- 
pearance of  new  forms.  Among  actual  s{)ecics  in  a  state  of 
nature,  there  are  very  few  which  seem  Ukely  to  have  arisen  by  a 
sudden  leap  or  mutation.  The  past  and  the  future  of  de  Vries' 
evening  primroses  are  yet  to  be  shown.  The  species  called  by 
de  Vries  (Enothera  lamarckiana  is  not  at  present  known  in  it-s 
wild  state  anywhere  in  North  America,  the  parent  region  of  all 
the  species  of  evening  primroses  or  (Enothera;  so  that  we  have 
as  yet  no  reason  to  assume  that  the  various  mutants  of  the 
evening  primrose  are  really  comparable  to  the  wild  species  of 
the  same  group  now  existing  in  America. 

While  saltation  remains  as  one  of  the  probable  sources  of 
specific  difference,  the  actual  rdle  of  this  process  in  nature  is 
yet  to  be  proved. 


CHAPTER  X 
HEREDITY 

"  Vom  Vater  hab'  ich  die  Statur, 
Des  I-iebens  ernstes  Fiihren ; 
Vom  Miitterchen  die  Frohiiatur 
Und  Lust  zu  fabulircn. 

Urahnherr  war  der  Sch6nst«n  hold, 

Das  spukt  so  bin  und  wieder. 
Urahiifrau  liebte  Srhmuck  und  (Jold, 

Das  zuckt  wohl  durch  die  Glieder. 

Sind  nun  die  Elements  nicht 

An  dom  Complex  zu  treinien ; 
Was  ist  denn  an  dem  ganzen  Wicht 

Original  zu  nennen?" 

— CJoETHE,  *  "  Zahme  Xonien,"  vi. 

Hekkdity  is  the  rule  of  persistence  among  organisms.  The 
existence  of  such  a  law,  or  "ascertain(Hl  setjuence  of  events,"  is 
a    matter    of    common    observati(m.     "  Like    produces    like," 

'  "Stature  from  father  and  the  ni(K)d 
Stem  views  of  life  eompelling; 
From  mother,  I  take  the  joyous  heart 
And  the  love  of  story-telling. 

"Cireat-gnmdsire's  pa-ssion  was  the  fair. 
What  if  I  still  n^veal  it? 
( treat -grandam's,  pomp  and  gold  and  show, 
And  in  my  l)ones  I  fei^l  it. 

*'()f  all  the  various  elements 

That  make  up  this  eomplexity, 
What  is  th<'n»  h'ft  when  all  is  done, 
To  call  originality?" 

B  A  YARD  Taylok's  translotum  in  jxirt. 
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''Blood  mil  tell/'  "Blood  is  thicker  than  water/'  these  proverbs 
in  all  languages  indicate  the  general  fact  that  each  organism  is 
likely  to  resemble  its  parents,  and  that  the  basis  of  fimdamental 
resemblance  among  organisms  is  foimd  in  kinship  by  blood.  It 
is  equally  a  matter  of  common  observation  that  the  law  of  hered* 
ity  is  inseparable  from  a  law  of  variation.  No  one  organism  is 
quite  an  exact  copy  of  another.  The  prevention  of  such  a  con* 
dition  is  one  of  the  effects  of  the  process  of  double  parentage. 
Except  in  certain  exceptional  forms  in  which  parthenogenesis 
or  hermaphroditism  appear,  each  complex  organism  springs 
from  two  oi^ganisms  of  the  same  species:  the  one  male,  the  other 
female.  The  resultant  organism  partakes  of  the  qualities  of 
each  of  these  in  some  degree,  and  through  these  to  a  degree  also 
it  partakes  of  qualities  of  the  parents  or  ancestors  of  each. 

The  phrase,  "  Kinship  by  blood,"  used  in  connection  with  all 
studies  of  heredity,  is  a  survival  of  an  ancient  theory  that  the 
ph3mical  basis  of  heredity  is  found  in  the  actual  blood.  "  Blood 
is  quite  a  peculiar  juice,"  as  was  observed  by  Mephistopheles, 
but  its  peculiarities  are  not  concerned  with  heredity.  The  func- 
tion of  blood  is  concerned  with  the  nourisliment  of  tissues  and 
the  removal  of  their  waste.  The  actual  vehicle  of  transfer  of 
hereditary  quaUties,  the  physical  basis  of  heredity,  is  found  in 
structures  within  the  protoplasm  of  the  germ  cell. 

The  germ  cells,  male  or  female,  are  alike  in  all  characters 
essential  to  this  discussion.  On  the  average,  the  potency  of  the 
male  and  the  female  cell  is  exactly  the  same,  there  being  nowhere 
constant  advantage  of  one  sex  over  the  other.  Each  cell,  male 
or  female,  is  one  of  the  vital  units,  or  body  cells,  set  apart  for 
the  special  purpose  of  reproduction.  It  is  not  essentially  differ- 
ent from  other  cells  in  structure  or  in  origin,  but  in  its  ix)ten- 
tialities.  Its  function  is  that  of  repeating  the  original  organism. 
"  with  the  precision  of  a  work  of  art." 

Heredity  is  shown  in  the  persistence  of  type,  in  the  existence 
of  broad  homologies  among  living  forms,  in  the  ]X)ssihility  of 
natural  systems  of  classification  in  any  group,  in  the  retention 
of  vestigial  organs,  in  the  early  development  and  subsequent 
obliteration  of  outworn  structures  once  useful  to  individuals  of 
the  race  or  type. 

In  a  general  way,  the  individual  inherits  from  both  parents 
the  common  structure  of  organisms  of  the  sfiecies  to  which  it 
belongs.    The  special  peculiarities  of  the  individual  organism 
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are  also  inlierited,  but  in  much  less  certainty  of  degree.  These 
traits  belonging  to  a  member  of  a  single  generation  have  a 
smaller  *' inheritance  fund  "  on  which  to  draw.  In  each  gener- 
ation some  of  these  individual  qualities  are  latent  or  "reces- 
sive/' others  are- potent  or  "dominant.''  The  recessive  or  an- 
cestral characters  reappear  with  a  certain  regularity.  They 
may  form  a  sort  of  mosaic,  by  mixing  with  other  dominant 
traits,  or  they  may  make  a  more  or  less  perfect  blend.  Resem- 
blance to  some  remote  ancestor  occurs  at  times,  being  known  as 
atavism.  Each  ancestor  has  some  claim  in  the  formation  of  the 
new  individual,  and  behind  the  grandfather  and  grandmother 
dead  hands  from  older  graves  call  in  their  direction.  The  past 
will  never  let  go,  though  with  each  generation  there  is  a  deeper 
crust  over  it.  These  old  claims  grow  less  with  time,  because 
with  each  new  generation  there  are  twice  as  many  of  these  com- 
petitors. Moreover  past  generations  can  affect  the  heredity 
of  the  individual  only  through  the  agency  of  his  immediate 
parents.  Out  of  these  elements  Mr.  Galton  frames  the  idea  of  a 
"  mid-parent,"  a  sort  of  center  of  gravity  of  heredity,  though,  as 
Dr.  Brooks  has  observed,  it  is  doubtful  if  this  mid-parent  is 
more  than  a  logical  abstraction.  The  bluer  the  blood  in  any 
species,  that  is,  the  more  closely  alike  the  ancestors  are,  the 
more  certain  will  be  the  personal  resemblance  among  the  de- 
scendants. 

But  characters  actually  latent  are  very  real  in  heredity. 
Dr.  Brooks  says: 

"  When  a  son  of  a  beardless  boy  grows  up  and  acquires  a  beard,  we 
may  say  that  he  has  inherited  his  grandfather's  beard,  but  this  is  only 
a  figure  of  speech,  and  he  actually  inherits  the  beard  his  father  might 
have  acquired,  had  he  lived,  nor  would  the  case  of  a  child  desc*ended 
from  a  series  of  ten  or  a  hundred  beardless  boys  be  different." 

It  is,  moreover,  certainly  true  that  a  lx»ard  can  be  as  well 
inherited  from  the  mother — who  has  none — as  from  the  father. 
The  inheritance  is  that  of  the  l>eard  the  mother  might  have 
developed  had  she  lx*en  a  man.  And,  in  general,  in  matters  of 
heredity,  the  child  is  not  derived  from  the  parents  as  they 
actually  are,  but  from  the  parents  as  they  might  have  been. 
The  traits  transinitterl  in  heredity  are  chosen  from  the  whole  line 

• 

of  parental  possibiUties.     And  with  the  process  of  conception, 
IS 


166  EVOLUTION  AND  ANIMAL  LIFE 

the  union  of  the  two  parental  germ  cells,  "  the  gate  of  gifts  is 
closed."  No  trait  or  quality  can  ever  be  acquired  of  which  at 
least  the  elements  are  not  involved  in  the  original  inheritance. 

"What  is  transmitted  to  the  infant,"  observes  Dr.  Archdall 
Reid,  "is  not  the  modification  [of  the  parent],  but  only  the 
power  of  acquiring  it  imder  similar  circumstances.  The  power 
to  acquire  fit  modifications  in  response  to  appropriate  stimula- 
tion is  that  which  especially  differentiates  high  animal  organ- 
isms from  low  animal  organisms." 

Atavism  or  reversion  is  the  process  of  "throwing  back,"  by 
which  in  some  degree  an  individual  resembles  a  distant  ancestor. 
Under  the  name  of  "atavism,"  according  to  Yves  Delage,  are 
included  three  very  different  things: 

(a)  The  transmission  in  one  family  of  individual  characters, 
which,  latent  for  several  generations,  suddenly  reappear.  This 
is  family  atavism,  and  its  nature  is  readily  recognized. 

(6)  The  reappearance,  more  or  less  regularly  in  a  race,  of 
characters  of  an  allied  race,  from  which  the  first  race  may  have 
been  derived.  This  is  race  atavism.  Of  this  nature  are  the 
zebra  strii)es  sometimes  seen  in  nuiles. 

(c)  The  appearance  of  characters  abnormal  for  the  race  in 
which  they  apj^ear,  but  which  are  normal  in  other  races  sup- 
IX)sed  to  be  ancestral.     This  is  atavism  of  teratology.     An  illus-, 
tration  is  the  occasional  appearance  in  the  modern  horse  of  rudi- 
ments of  additional  toes,  with  partly  developed  hoofs. 

"Everything  is  [wssible  in  heredity,"  observes  Delage. 
"One  may  always  find  examples  of  election,  of  blending  (of 
mosaic),  of  combination,  of  resemblance  direct,  and  of  resem- 
blance reversed.  To  give  to  these  groupings  the  name  of  laws 
would  be  an  abuse  of  language,  since  not  one  of  these  rules  is 
exclusively  true.  In  reality  there  is  no  law  of  resemblance  be- 
t.ween  a  child  and  its  parents.  All  is  jK)ssible,  from  a  difference 
so  great  that  there  is  not  a  trait  in  common,  to  an  almost  ]H*rfect 
identity  with  one  or  the  other  parent,  with  every  intermediate 
d(»gree  of  blending  of  characters  and  combination  of  resem- 
blances." 

The  name  "telegony"  is  given  to  the  supiK)sed  influence  of 
the  first  male  on  the  future  offspring  of  the  f(»niale.  This  theory 
of  tel(»gony  ^(^sts  mainly  on  a  case  of  a  mare  which  was  first  im- 
pregnatcMl  by  a  ({uagga,  and  whose  subsecjuent  colts  from  males 
of  her  own  s|>ecies  had  quagga-liice  maricings.     The  supposed 
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facts  on  which  the  theory  is  based  are  inadequate  or  unproved, 
and  it  is  probable  that  the  phenomena  called  telegony  have  no 
real  existence. 

Ek^ually  uncertain  are  the  phenomena  known  as  "prenatal 
influences."  In  the  process  of  evolution,  the  development  of  the 
female  has  brought  her  to  be  more  and  more  the  protector  and 
helper  of  the  young.  She  gives  to  her  progeny  not  only  her 
share  of  its  heredity,  but  she  becomes  more  and  more  a  factor  in 
its  development.  In  the  mammalia  the  Uttle  egg  is  retained 
long  in  the  body  and  fed,  not  with  food  yolk,  but  with  the 
mother's  blood.  The  parent  thus  becomes  an  immediate  and 
most  important  part  of  the  environment  of  the  young.  In  man, 
by  the  growth  of  the  family  the  parental  environment  becomes 
a  lifelong  influence.  The  father  as  well  as  the  mother  becomes  a 
part  of  it. 

It  has  long  been  a  matter  of  common  belief  that  among 
mammals  a  special  additional  formative  influence  is  exerted  by 
the  mother  in  the  period  between  conception  and  birth.  The 
patriarch  Jacob  is  recorded  as  having  made  a  thrifty  use  of  this 
influence  in  relation  to  the  herds  of  his  father-in-law,  Laban. 
This  belief  is  part  of  the  folklore  of  almost  every  race  of  intelli- 
gent men.  In  the  translations  of  Carmen  Silva,  that  gentle 
woman  whom  kind  nature  made  a  poet  and  cruel  fortune  a 
queen,  we  find  these  words  of  a  Roumanian  peasant  woman: 

"My  little  child  is  lyiiig  in  the  grass. 
His  face  is  covered  with  the  blades  of  grass. 
While  I  (lid  Ix^ar  the  child,  I  ever  watched 
The  reajwr  work,  that  it  might  love  the  harvests; 
And  when  the  boy  was  boni,  the  meadow  said, 
'This  is  my  child.'" 

In  the  current  literature  of  hvsterical  ethics  we  find  all  sorts 
of  exhortations  to  niotliors  to  do  this  and  not  to  do  that,  to 
cherish  this  and  avoid  that  on  account  of  its  supposed  effect 
on  the  coming  orogeny.  Long  lists  of  cases  have  been  reportinl 
illustrating  the  law  of  pn*natal  influence.  Most  of  these  records 
serve  only  to  induce  scepticism.  Many  of  these  are  mere  co- 
incidences, some  are  unvcrifiable,  others  grossly  inii)ossible. 
There  is  an  evident  (h'sire  to  make  a  case  rather  than  to  tell  the 
truth.     The  whole  matter  is  nnich  in  need  of  serious  studv,  and 
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tht  eoiire  mtord  ai  xDoBHi  iiru  nrnst  be  see  &ade  to  make  a 
imir  bfgmn^ng- 

Tboe  are  ai<o  manj  f^agnociepa  of  tnnsnuttcd  qualities 
that  cannM  be  charged  to  beredhj.  Jost  ae  a  soond  miiid  de^ 
maiidf  a  soand  bodj.  so  does  a  sofond  cfaikl  demand  a  sound 
motbfr.  Bad  nutmioD  before  as  vefl  as  after  both  mav  neu- 
tialise  tbe  most  vieoroo?  inbentanre  vithin  the  germ  cdl.  A 
diild  vefl  CDQcefTed  mav  yet  he  stunted  in  development.  Even 
the  father  may  transmit  veaknes?  in  devek>pment  as  a  handicap 
to  hereditark'  stiensth.  The  many  physical  ^idaatudes  between 
conception  and  birth  may  determine  the  rate  of  early  groiii~th 
or  the  impetus  of  early  development.  In  a  sense,  the  im- 
pulse of  life  come?  from  such  sources  outside  the  germ  cell 
and  outbade  heredity.  All  powers  may  be  affected  by  it.  Per- 
fect de^*elo[:Hnent  demands  the  highest  nutrition,  an  ideal 
never  reached.  In  such  fashion  the  child  mav  bear  the  in- 
cubus  of  Ibsen  s  "Ghosts,"  for  which  it  had  no  personal  re- 
spon<ihiIiiy.  "Spent  passions  and  ^"anished  sins"  may  impair 
germ  cells,  male  or  female,  as  they  injure  the  organs  that 
produce  thf-m. 

In  a  thouchtfiil  article  on  problems  of  heredity  (The  Horse- 
man. April  17.  1906^.  Mr.  C.  B.  VNliiifoni  maintains  that  better 
results  in  the  trotting  hon?e  come  fn^m  breetling  from  untrained 
horses  of  £:oo<i  bUxwi  than  fn^n  horses  which  have  been  elabo- 
rately trainoil  to  the  highest  speed  on  the  rai^ecoiuse. 

**  Trot  ting  horses  that  are  overbreil  show  the  eflfects  of  their  inten- 
sified brefniinc  in  a  variety  of  wavs.     But  the  usual  difficult v  is  ex- 

•  •  •  • 

treme  nervousness  and  want  of  ability  to  stand  training.  Sometimes 
a  horse  of  this  kind  \*ill  show  ereat  pn>mise  when  he  is  first  hitched  to 
a  sulky.  He  will  show  great  tLishes  of  sjxvd  and  iiill  have  a  smooth, 
easy  action  and  the  trotting  instinct  well  pronounced." 

But  he  is  overnervous,  lacks  constitutional  strength  and  will 
not  <lo  well. 

*'Tlio  trouble  with  a  horse  of  this  kind  is  that  he  has  not  inherited 
the  necessiiry  fuel  with  which  to  create  enerjo*.  He  is  'burnt  out' 
by  herefiity.  Tliat  which  he  neede<l  to  tniin  on  was  so  lar^ly  use<l 
up  by  his  ancestry  in  tlieir  process  of  development  tliat  they  had  not 
enough  to  transmit  to  their  progeny." 
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If  this  is  true,  it  would  appear  that  nervous  overstrain  of 
the  parent  is  unfavorable  to  normal  nerve  development  of  the 
offspring.  This  would  be  apparently  a  case  of  transmission  of 
parental  conditions,  as  above  indicated,  and  not  one  of  true 
heredity. 

It  may  be  conceived  that,  at  the  moment  of  impregnation, 
the  resultant  germ  cell  is  sexlees.  It  begins  its  development  at 
once,  and,  in  the  higher  animals,  turns  very  soon  toward  the 
formation  of  those  structures  which  distinguish  the  one  sex  or 
the  other.  Each  individual  ultimately  Ijecomes  either  male  or 
female.     Relatively  few  animals,  and  those  among  the  lower 


forma,  arc  ever  really  hemiaphroilitp,  or  representative  of  Iwth 
sexes  at  once. 

Anion);  the  invertebrate  animals  the  numerieal  relations  of 
the  sexes  are  siibjeet  to  great  variutiiin.  Among  vertebrates, 
in  general,  the  sexes  are  praetieally  equal  in  nunilxr,  as  is  shown 
by  count  of  large  series  of  in(iivi<liials.  This  is  true  whether  the 
species  be  iiiniinganioiin,  [xilyganious,  or  proniiscuous  in  its  sex 
relations.     It  is  therefore  apparent  that  the  sex  tendencies  in 
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the  germ  are  held  on  a  very  fine  balance.  A  very  Blight  impulse 
the  one  way  or  the  other  determines  the  sex  direction  the  em- 
bryo shall  take.  Although  much  investigation  and  very  much 
speculation  have  been  devoted  to  this  problem,  it  is  still '  un- 
solved. We  are  not  able,  in  the  vertebrate  animals,  nor  in  fact 
in  animals  generally,  to  determine  the  nature  of  the  stimulus,  or 
of  any  of  the  various  impulses,  if  more  than  one  exists,  which 


leads  the  individii.il  Rcrm  cfll  to  develop  an  male  or  frmajp. 
U  is  also  pos.sil)lo  that  each  gorm  cell  is  really  hiscxnal  from  the 
Ix-ginning.  One  sex  or  tlic  other  Iwromes  dominant  and  the 
other  recessive  as  the  embryo  develops.  lint  in  this  event  we 
are  still  in  doubt  as  to  the  nature  of  tlie  determining  factor  or 

'Thclat«st  dtudiif  of  thr-  iirohlrmart-rhicny  piHuvniiHiwithannllcmpt 
to  detprmine  whcthi-r  or  iii>l  Ihcn'  I'xislji  ii  rhmmoaome  wx  cictcrminant , 
and  whrthpr  eox  ili-tcniiinnlimi  may  nit  hf  broiiEht  iimlcr  Mcmlcf*  law 
or  heredity  (ecc  later  piiraf;raplui  in  thia  chaptor)  in  a  nioititiod  tonii. 
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stimulus.  Among  ants  and  the  social  bees  and  wasps  the  males 
develop  parthenogenetically  from  unfertilized  cells,  the  fertilized 
cells  yielding  either  females  or  workers  which  are  sterile  females. 
But  this  specialized  mode  of  development  is  peculiar  to  particu- 
lar groups.  For  a  few  lower  species  it  has  been  ascertained 
that  variation  in  nutrition  may  be  a  factor  in  sex  determioatioQ. 
Favorable  nutrition  seems  to  increase  the  number  of  females. 
Host  higher  plants  are  hermaphrodite,  the  central  leaves  (car- 
pels) in  tiie  bud  which  becomes  the  flower,  yielding  ovules  or  fe- 


male germ  cells.  The  next  whorl  (stamens)  yields  male  germ 
cells  or  pollen.  The  outer  whorls  (corolla,  calyx)  serve  as  pro- 
tective organs  only,  and  are  without  sex. 

The  bonds  of  union  among  organisms  which  stand  at  the 
basis  of  all  classification  arc  known  as  "  homologies  "  (Figs.  101- 
104).  A  homology  is  a  real  hkeness,  as  distinguished  from  one, 
merely  superficial  or  apparent.  To  superficial  likeness  we  give 
the  name  of  analogy.  Homology  means  fundamental  iden- 
tity of  structure,  as  distinguished  from  incidental  similarity  of 
form  or  function.  Thus,  the  arm  of  a  man  is  homologous  with 
the  foreleg  of  a  dog,  because  in  cither  we  can  trace  deep-seated 
resemblance  or  homolo^es  with  the  other.  In  each  <letail  of 
each  bone,  muscle,  vein,  or  nerve  of  the  one  we  can  trace  the 
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oonrespondiiig  detaik  of  the  other.  But  in  comparing  the  arm 
of  man  with  the  "limb *'  of  a  tree,  the  arm  of  a  starfish,  or  the 
forel^  of  a  grasshopper,  we  find  no  correspondence  in  details. 
In  a  natural  classification,  or  one  founded  on  fact,  organisms 
showing  the  closest  homologies  are  placed  together.  An  arti- 
ficial classification  is  one  based  on  amdogies.  Such  a  classifica- 
tion mij^t  place  together  a  cricket,  a  frog,  and  a  kangaroo, 
because  they  all  jump,  or  a  bird,  a  bat,  and  a  butterfly,  because 
they  all  fly,  even  though 
the  wings  are  very  dif- 
ferently made  (Fig.  105) 
in  each  case. 

The  very  existence 
of  such  terms  as  animals 
and  plants,  insects  and 
moUusks  imply  relation- 
ships, and  relationships 
in  different  degrees. 
Classification  is  the 
process  of  reducing  our 
knowledge  of  these 
grades  of  likeness  and 
unlikeness  to  a  system. 
By  bringing  together 
those  which  are  funda- 
mentally alike,  and 
separating  those  which 
are  unlike,  we  find  that 

these  traits  are  the  outcome  of  long-continued  influences. 
Classification  is  defined  as  ''  the  rational  lawful  disposition  of 
observed  facts."  It  rests  on  the  results  of  the  oixjrations  of 
natural  laws,  or  forces  which  bring  about  inevitable  results. 

For  it  is  a  matter  of  common  observation  that  the  closest 
homologies  are  shown  by  those  animals  which  have  sprung  from 
a  common  stock.  The  fact  of  blood  relationship  shows  itself 
always  in  homology.  So  far  as  we  know,  homology  is  never 
produced  in  any  other  way,  therefore  the  actual  presence  of 
homologies  among  animals  or  plants  implies,  as  we  shall  see  in  a 
later  chapter,  their  common  descent  from  stock  possessing  these 
same  characters.  In  our  primitive  use  of  the  trunk  of  the  tree 
to  imply  unity  in  life,  we  can  see  that  this  trunk  represents 


¥iG,  105. — Diagram  of  wings,  showing  homol- 
ogy  and  analog}':  a,  wing  of  fly;  6,  wing  of 
bird;  r,  wing  of  bat. 
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homology,  and  that  it  is  the  representation  of  the  current  of 
heredity.     The  resemblances  arise  from  common  origin,  the 


variations  from  the  demand  of  differing  external  ronditions.     It 

may  be  said  that  the  inside  of  an  animal  tplis  what  it  Is.  the  onl- 

side  where  it  has  been.     In  the  internal  Btrucliire.  ancestral 

traits  are  perivtoated  with  UiiIp  change 

•  through  geologic  ages.  The  external 
characters  affpete<l  by  every  feature  of 
the  stirrotindings  may  be  rapidly  altered 
through  rcHjKjnse  to  demands  of  environ- 
ment and  through  the  destruction  of  in- 
dividuals whose  life  faiLs  of  adjustment. 
It  is  in  the  persistence  of  heredity 
that  we  find  the  explanation  of  vestigial 
organs.  An  organ  well  develojied  in  ono 
group  of  aniniftla  or  plants  may  in  some 
^H  Tia.  iot.—HbvI  «{  ■  Eve-  Other  t>c  reduced  to  an  imperfect  organ 
^K  montiw  huiMn  emhryn  q^  rudiment  80  inrnm[ilptc  as  to  serve 
^B  eov^iw  ™AriwEck«')  ^"  purpose  whatever.  Such  rudimentary 
^H  or  functionless  structures  may  Ix-  found 

^H      in  the  body  of  any  of  the  higher  animals  and  in  most  or  all 
^^^     of  the  higher  plants.     As  a  rule  such  structures  are  more  fully 
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developed  in  the  embryo  than  in 
the  adult,  becoming  atrophied 
with  age.  Familiar  examples 
are  the  appendix  vermiformia 
and  the  unused  muscles  of  the 
ears  in  man,  the  atrophied  lung, 
pelvis,  and  limtis  of  the  snake, 
the  air  bladder  of  the  fish,  the 
"thumb"  (or  rather  index  fin- 
ger), of  the  bird,  the  splint  bone 
of  the  horse,  and  the  like. 

The  anatomist  Wiedersheim 
has  recorded  180  vestigial  or- 
gans in  man.  These  structures 
occur  in  all  the  systems  of 
organ.s,  integument,  skeleton, 
muscles,  nervous  system,  sense 
organs,  digestive,  respiratory, 
circulatory,  and  urino-genital  system-s.  Meet  of  these  rem- 
nants of  structures  are  to  be  found  completely  developed  in 
other  vertebrate  groups.  Eleven  of  them  are  characteristic 
as  functional  organs  of  fishes  only,  four  of  amphibians  and 
reptitcB.  The  fact  that  structures  are  vestigial  is  shown  often 
by  cases  of  atavistic  de- 
velopment. 

Within  the  brain  of 
man,  near  the  optic  lobes, 
is  a  little  spheroid  structure 
starccly  larger  than  a  i)ea, 
known  as  the  "pineal 
gland "  or  conarium.  It 
has  no  p^■idont  fimction, 
an<l  1  )eHcart<'H  nncn  sug- 
gcMlcd  that  it  might  In-  i 


seat    (.f 


I  he 


U)U).      11 


larger  in  llic  embryo  i 
still  lui-gi-r  in  the  brain: 
some  of  the  !«« 
bniles.  RiTciit  iiivesliga- 
tions  luive  shown  lliat  it 
is   csi>ecially   (levelo]«Hl   in 


verle- 
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certain  lizards,  notably  in  a  very  primitive  New  Zealand  lizard 
of  the  genus  S])henodnn  {HaUeria)  (Fig.  109),  and  that,  in  these 
lizurds,  the  pineal  body  ends  in  a  more  or  lesa  perfect  eye-like 
structure  placed  between  the  true  eyes  in  the  center  of  the 
forehead.  A  trace  of  this  eye  is  Hhown  in  the  hmbless  lizard 
called  alow  worm  (Ang»is),t>{  Europe. and  in  several  Araeritran 
8i>eeie8.     In  the  homed  (o;nl  (I'hnjiwuumii)  (Fig.  110)  its  plac« 


I 


ia  covered  by  a  transhicent  pearly  scale.  These  lizards  have 
in  fact  three  eyes,  and  the  pineal  body  is  the  nervous  gang- 
lion from  which  the  third  eye  arises.  The  natural  conclusion 
from  tiiia  that  all  vertebrates  originally  had  three  eyes,  is  prob- 
ably a  too-hasty  one.  Perhaps  the  pineal  body  was  an  organ 
of  sense,  which  developed  into  an  eye  in  the  Uzards  and  their 
ancestors  only,  not  in  any  of  the  Amphibians  or  fishes,  and  not 
in  any  mammals  or  birds,  although  the^se  are  descended  from 
reptilian  stock.  Whatever  the  origin  or  primitive  function  of 
the  pineal  ganghon,  its  existence  in  man  as  a  vestigial  oi^d 
is  due  to  the  persistence  of  heredity. 
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In  the  living  species  of  horse,  Equtis,  there  is  but  a  single  toe, 
with  its  basal  bones.  On  each  side  of  the  base  bone  of  this  toe  is 
a  small  bone  known  as  a  splint  bone.  The  splint  bones  are 
apparently  useless  to  the  horse,  but  in  extinct  species  of  horse 
these  bones  are  developed  as  digits,  bearing  small  hoofs.  Occa- 
sionally even  now  colts  are  bom  in  which  these  splint  bones  bear 
rudimentary  hoofs.*  In  the  museum  of  Stanford  University  is 
the  leg  of  a  high-bred  colt 
from  Milpitas,  California,  bear- 
ing a  small  hoof  on  each  of 
the  two  splint  bones. 

The  remains  (Fig.  Ill)  of 
over  thirty  different'  ancient 
horse-like  animals  have  been 
found  in  the  rocks  of  the 
Tertiary  era.  The  Eohippus, 
the  earliest  of  these  horselike 
animals,  found  in  the  oldest 
Tertiary  rocks,  was  little  larger 
than  a  fox,  ^nd  its  forefeet 
had  four  hoofed  toes,  with  the 
rudiment  of  a  fifth,  while  the 
hind  feet  had  three  hoofed 
toes.  In*  the  later  rocks  is 
found  the  Orohippits,  also 
small,  but  with  the  rudi- 
mentary fifth  toe  of  the  fore- 
foot gone.  Still  later  appeared 
the  Mesohippics  and  Miohip- 
pus,  horses  about  the  size  of 

sheep,  with  three  hoofed  toes  only,  on  both  forefeet  and  hind 
feet,  but  with  the  rufliment  of  the  fourth  toe  in  the  forefeet, 
of  the  same  size  in  McsohippuSj  smaller  in  Miohippus.  Also, 
the  middle  toe  and  hoof  of  the  three  toes  in  each  foot  was 
distinctly  larger  than  the  others  in  both  Mcsohippus  and  Mio- 
hippus, Next  came  the  Protohippus,  a  horse  about  the  size  of 
a  donkey,  with  three  toes,  but  with  the  two  side  toes  on  each 
foot  re<luced  in  size,  and  probably  no  longer  of  use  in  walking. 
The  middle  toe  and  hoof  carried  all  the  weight.  Still  later  in 
the  Tertiary  era  lived  tlu*  Pliohippus,  an  ** almost  complete 
horse."    The  side  toes  of  Pliohippus  are  reduced  to  mere  rudi- 


Fia.  111. — Foot  chaDgefl  in  evolution  of 
tlie  borne:  a.  Equua,  Quaternary  (re- 
cent) ;  6,  Pliohippus,  Pliocene;  c.  Pro- 
lohippus.  Lower  Pliocene;  d,  Miohip' 
puM,  Miocene;  e,  Me»ohippu8,  Lower 
Miocene;  /,  Orohippua,  l!A>cene.  (Aftiur 
FiQ.  254  of  "Animal  Studiea.") 
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rnents  or  eplmts.  TIuh  animal  (lifters  froni  tiie  present  horsn 
somewhat  jn  skull,  shape  of  liouf,  length  of  teeth,  aiid  other 
minor  details,  lastly  camo  the  present  horee,  fc'^uus,  with  the 
sptiut  boiiea  or  uonfeuled  rudinicnls  uf  the  aide  toes  very  small 
and  the  hoof  of  the  middle  toe  rounder.  In  spite  of  the  great 
differeiiee  ijetwecn  the  one-toed  foot  of  the  living  horse  and 
the  dog's  tive-toed  foot  there  was  onee  a  kind  of  liorse  which 
liad  a  five-toed  foot,  and  there  is  after  all  a  close  relationship 
between  the  foot  of  the  horse  and  the  foot  of  the  dog. 


In  man  there  is  developed  at  the  proximal  end  of  thr 
nr  blind  sac  of  the  large  intestine  a  small  slrueture  im  »hnw7i  in 
Fig.  1 13,  This  appendage  has  no  function,  and  it  is  subject  to 
intlammalion  or  suppuration,  known  as  appendicitis.  In  the 
embryo  the  appendix  vcrmiformis  is  notably  larger  than  in 
the  adult  man;  and  in  the  lower  animals,  as  in  the  dog  or  the 
kiingiiroo  (see  Fig.  111(),  it  may  be  recognizable  as  a  prolon- 
gation of  the  cmeum,  scarcely  less  in  diameter  than  the  intestine 
itself.  The  ap|)endix  vermiformis  is  therefore  a  vestige  of  a 
long  ca>eam  which  had  its  part  in  the  proeess  of  digestion. 

In  the  embryo  of  all  ehordate  animals,  withmil  exception, 
respiratory  or  gill  slits  are  develo|>ed,  homologous  with  those 
seen  in  the  embryo  of  the  fish.  The  presence  of  theseslitsor 
their  vestiges  is  one  of  the  most  important  seeonihiry  distinctive 
chsraetCTs  of  the  great  group  of  Ckordaia,  which  includes  the 
vertebrates.     The  human  embryo  is,  in  tliis  regard,  at  certain 
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stages  essentially  similar  to  the  embryo  of  the  fish.  But  in  the 
course  of  development  the  gill  sbts  in  man  and  the  higlier  ver- 
tebrates disappear.  Their  position  is,  however,  indicated  by 
the  course  of  certain  blood  vessels.  These  follow  the  lines 
blocked  out  in  the  embryo  when  they  led  to  the  gill  slits,  al- 
though no  other  trace  of  these  slits  persists  in  the  adult,  and  this 
direction  is  not  one  wliich  we  could  conceive  as  likely  to  have 
arisen  except  for  the  results  of  inheritance  from  the  lower  ver- 
tebrates. 

In  the  veins  of  the  higher  animals  valves  are  present,  bo 
arranged  as  to  prevent  tlie  flow  of  blood  backward  and  espe- 
cially downward  from  the  heart,  in  the  lower  animals,  these 
valves  are  adjusted  to  the  position  on  all  fours.  Their  adjust- 
ment is  the  same  in  man,  notwithstanding  his  erect  posture. 
Apparently  the  a<ljustnient  of  the  valves  wa.s  completed  before 
the  |x)sition  on  all  fours  gave  way  to  the  erect  posture. 


In  the  embryo  of  niiin  llirrc  exists  a  regular  liiit,  stip|Torted 
by  eight  distinct  Imxics.  like  Die  tail  of  any  iirher  inannnul.  hi 
the  process  of  dcvclopinrut,  these  boni's  an-  reduced  in  number 
and  arc  joined.  formiiiK  tlic  coecyx  nr  rudimentary  tail. 

In  various  sfwcies  of  fishes,  lizards,  salamanders,  crayfishes, 
and  other  animals  liviiif;  in  enves  or  buried  in  Ihe  ground,  the 
eyes  arc  atrophied.  N'unieriius  cases  (l'"ig.  114)  of  this  sort  have 
l«een  stuilio<l  by  Mr.  Carl  If,  Kiffeiuuanii.  He  fimls  in  general 
that  the  young  cave  (ish  have  uoruially  develojM'd  eyes,  but  thai 
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with  growth  atrophy  sets  in  affecting  different  species  differ- 
ently, in  some  cases  the  muscles,  in  others  the  lenses,  but  in  all 
cases  reducing  the  size  of  the  organ  to  a  functionless  structure 
more  or  less  covered  by  the  skin.  In  all  cases,  the  ancestry  of 
these  blind  species  can  be  traced  to  forms  with  well-developed 
eyes  inhabiting  the  same  region.  Among  the  species  examined 
are  the  blind  fish  of  Mammoth  Cave  (Amblyopais  spdaua),  the 
cave  blind  fish  of  Kentucky  and  Indiana  (Typliehihys  9ubierra- 

neua),  descended  from 
the  Dismal  Swamp  fish 
(Choloffaster  comuttu), 
the  Missouri  blind  fidi 
{Troglichthyn  rosa),  the 
blind  fishes  of  the  caves 
of  Cuba  {Lucifuga  «ufr- 
terranea,  and  Stygicoia 
detUata)  and  the  blind 
goby  of  Point  Loma 
(Typhlogobius  calif omi" 
ensis). 

In  Dr.   Eigenmann's 
opinion,    the    retention 
of  eyes  in  these  species 
is  due  to  the  influence 
of    heredity,   the   vesti- 
gial structures  being 
each  and  all   necessary 
to  life  in  the  light.     Their  degeneration  he  ascribes  to  the 
inheritance  of  the  individual  effects  of  disease,  a  matter  we 
discuss  in  another  chapter. 

Hundreds  of  cases  of  vestigial  organs  in  plants  have  been 
recorded,  among  which  we  may  mention  the  barren  stamen  in 
Penistemon  which  completes  the  nunilx*r  of  five  usual  in  the 
group  of  Scrophulariacejp  to  which  Penistemon  belongs.  Other 
illustrations  are  the  rudimentary  leaves,  with  rudimentary 
stomata,  found  on  the  joints  of  si>ecies  of  cactus  (Opunlia)  fete; 
the  cilia  found  on  the  spermatozoa  of  cycads,  which  would  en- 
able these  structures  to  move  freely  in  the  water,  although  they 
are  not  de|)08ited  in  the  water,  and  these  cilia  are  never  actually 
used. 

By  the  theory  of  special  creation  it  was  supposed  that  these 


Flo.  114. — Flihes  abowinc  atacn  in  Ion  of  eyw 
ftnd  color:  A,  DiBnuU  Hwamp  fish,  Choiogatitr 
€omwUu»,  anceiitor  of  the  blind  fish;  B.  Agmwis'B 
eav«  fish,  Chohgaaier  agaaaui;  C,  cave  blind  fish, 
TupMidithyu  ntblerraneua. 
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rudiments  were  created  in  accordance  with  the  tendency 
in  creative  processes  to  adhere  to  an  ideal  type.  But  it  can- 
not be  too  clearly  understood  that  tendencies  in  biology  exist 
only  as  functions  of  particular  organs.  The  tendency  to 
adhere  to  a  type  is  a  part  of  heredity,  the  function  of  the  germ 
cell. 

In  the  light  of  our  knowledge  of  organic  evolution  it  is 
clear  that  the  presence  of  vestigial  organs  is  simply  a  fact  of 
heredity.  They  are  organs  once  useful,  but  which  through 
changed  conditions  of  life  have  become  needless. 

It  is  a  recognized  fact  that  useless  organs  tend  to  dwindle 
away,  but  the  cause  of  this  phenomenon  is  not  so  clear.  It  may 
be  due  in  part  to  (a)  panmixia  or  cessation  of  selection,  the 
organ  being  no  longer  held  to  a  high  grade  of  efficiency,  to  (6) 
reversal  of  selection,  the  advantage  lying  with  those  individuals 
in  which  the  organ  is  no  longer  functional  or  (c)  the  inheritance 
of  the  results  of  functional  disuse.  The  latter  offers  an  explana- 
tion which  at  first  sight  appears  adequate,  and  its  reality  has 
been  stoutly  maintained  by  various  writers  of  the  Neo-LUmarck- 
ian  school.  In  their  views,  changes  in  the  individuals  unques- 
tionably due  to  individual  or  ontogenetic  disuse  are  carried  over 
to  the  species  as  phylogenetic  disuse.  Against  this  view  is 
opposed  its  inconsistence  with  current  theories  of  heredity,  and 
also  the  positive  fact  that  there  is  as  yet  no  proof  of  the  in- 
heritance of  acquired  characters. 

When  we  say  that,  through  heredity,  the  offspring  inherits 
the  characters  of  the  parent,  we  are  speaking  only  a  large  and 
general  truth.  The  details  of  this  inheritance  reveal  in  what 
regards  this  general  statement  must  be  modified.  We  have 
already  noted  the  inevitable  occurrence  of  at  least  small  varia- 
tions in  all  body  parts  in  all  individuals.  In  addition  to  this  ex- 
ception to  identical  inheritance,  certain  characters  of  the  parent 
may  not,  as  just  mentioned,  appear  at  all  in  the  offspring.  And 
this  mav  be  due  to  anv  one  of  several  causes. 

First,  certain  i)arental  characters  are  apparently  really  not 
heritable,  namely,  thos(»  nrw  characters  which  have  l)e(»n  ac- 
quired by  the  parent  during  its  lifetime  as  the  result  of  nnitila- 
tion,  disease,  six^cial  us(»  or  disuse  of  parts,  any  change  of  parts 
due  to  direct  redaction  to  a  functional  stinuilus  or  to  an  environ- 
mental stimulus  or  cause,  such  as  a  bleaching  due*  to  lack 
of  light,  a  thickening  of  the  skin  in  certain  places  due  to  c(m- 
13 
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tact.  etc.  At  least,  there  is  not  recorded  anv  satisfactorv" 
proof  of  the  inheritance  of  these  acquired  characters,  and  there 
is  definite  proof  that  many  of  them  are  not  inherited.  And 
most  biologists,  as  helpful  in  many  ways  to  a  clearing  up  of 
the  problem  of  adaptation  and  species-forming  as  the  actu- 
ality of  such  inheritance  would  be.  believe  themselves  un- 
able  to  accept  this  fact,  in  the  light  of  our  present  knowl- 
edge. (This  matter  of  the  inheritance  of  acquired  characters 
is  discussed  in  Chapter  XI.  The  assumption  of  this  inheritance 
is  a  fundamental  part  of  the  Lamarckian  explanation  of  evo- 
lution.) 

Second,  certain  characters  peculiar  to  sex  are  inherited  only 
according  to  sex  and  not  by  all  the  young.  These  characters 
include  not  only  the  differing  repnxluctive  organs  themselves, 
but  those  many,  various,  and  often  most  remarkably  developed 
so-called  seccmdarv  sexual  characters,  such  as  the  tufts  and 
plumes  and  brilliant  plumage  of  male  birds,  the  antlers  of  male 
deer,  the  specialized  antonn:i\  skeletal  processes,  and  color  pat- 
terns of  nianv  male  insects,  and  the  reducetJ  wiiiirs  of  manv  female 
inserts,  etc.,  etc.  Even  in  c:ises  of  parthenogenetic  reproduc- 
tion Ci.  e.,  reprmluetion  in  which  the  male  takes  no  part),  sex  and 
the  sex  characters  of  the  offspring  have  no  direct  relation  to  the 
sex  and  sex  characters  of  the  mother.  The  queen  lioney  l>ee 
produces,  in  fact,  exclusively  drones  (male  l)ees)  when  she  lays 
unfertilized  eggs,  while  on  the  contrary  the  parthenogenetic 
offspring  of  the  Aphids  (plant  lice)  are  all  females  for  several 
generations,  and  then  in  a  single  generation  lH)th  males  and 
females. 

Finally,  certain  parental  characters,  even  though  blast ogenic, 
may  not  appear  in  the  offspring,  hut  b(»  inherited  by  them  in 
latent  condition,  to  apjx^ar  in  their  young  or  perhaps  even  in  a 
later  generation.  It  is  obvious,  too,  that  where  a  certain  char- 
acter in  the  mother  is  represented  in  the  father  by  one  of  opjKv 
site  condition,  as  where  the  motluT  is  v(tv  short .  the  father  verv 
tall,  the  mother  a  brunette,  the  father  light-haired,  a  given  child 
can  inherit  the  character  in  only  one  conditi(»n.  That  is,  in  all 
cas(»s  of  bi|)arental  reproduction,  and  they  compose  the  majority 
of  cas<'s  in  both  animal  and  plant  kingdoms,  the  inherited  char- 
acters cannot  be  all  those  possessed  by  both  parents,  but  must 
Im»  either  those  f)f  one  or  the  other,  or  a  mosaic  of  them,  or  a 
blend  or  fusion  of  them.     And  this  introduces  us  to  that  phase 
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r  of  t lie  study  of  the  results  of  heredity  which  to-day  is  )K'ing  most 
I  invpfiligatexi,  tho  determination  of  the  "laws"  of  inheritance 
of  characteristics. 

The  similarity  or  dissimilarity  of  the  two  mating  parents  is  a 
matter  of  much  importance  in  rejiard  to  the  results  of  inherit- 
ance. To  priwhice  a  fertile  niatui^  the  two  parents  have  at 
h-.i--l  In  !"■  ni'^irl>   nllinl.      We  are  accustomed  to  take  this  for 
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I  granted,  but  the  actual  degree  of  phylelic  relationship  necessary 
■in  fortile  inating  is  a  point  of  niiieh  biologie  interest.  In  most 
It  lx>th  parents  mnat  lielong  to  the  same  species  or  kind,  but 
BUnong  animals  and  plants  there  have  l>een  noted  exceptions 
mio  this  rule,  these  exceptions  constituting  the  facts  of  hybridi- 

lation. 

Hybridism  is  praclieally  Hmltcd  to  mating  of  different 
Ispccies  of  the  name  genera.  Only  in  a  few  recorded  cjises  have 
Ifirgiuiiiiinx  of  diffcrpnt  genera  muted  in  nature  with  the  produc- 

'ton  of  o^Bpring.     Id  zoulo^cul  gardens  and  menageries  the 


184  EVOLUTION  AND  ANIMAL  LIFE 

race  feeling  of  the  confined  animals  seems  to  break  down,  and 
unusual  cases  of  hybridism  are  occasionally  noted.  Also  men- 
tion must  be  made  of  the  artificial  induction  of  the  fertilization 
of  sea-urchin  eggs  by  the  sperm  cells  of  starfishes  (animals  not 
only  of  different  genera  but  of  different  families),  and  a  few  other 
amilar  exceptional  cases  accomplished  by  Loeb  and  other  ex- 
perimenters. In  many  examples  of  hybridism  the  immediate 
offspring  are  imable  to  produce  young  and  so  no  continuous 
series  of  generations  results.  In  other  fewer  cases  the  off- 
spring of  hybridization  are  fertile,  and  thus  constitute  the 
bi^nnings  of  a  new  race  or  variety  of  animal  or  plant.  Many 
of  our  domesticated  animal  races  and  cultivated  plant  varie- 
ties have  originated  by  hybridism  often  artificially  induced 
by  man. 

For  the  most  part,  however,  both  parents  of  any  brood  of 
young  belong  to  the  same  species,  and  hence  they  are  at  least  as 
like  each  other  as  the  other  members  of  the  same  species 
have  to  be.  But  this  may  still  permit  great  superficial  dissimi- 
larity: many  attributes,  such  as  size,  color,  texture,  outline, 
etc.,  of  the  body  parts,  e8i)ecially  the  external  ones,  may  be- 
quite  different.  For  within  any  species  there  may  be  several 
subspecies  or  varieties,  the  individuals  of  all  of  which  are 
capable  of  fertile  mating  with  each  other.  And  even  where 
there  is  no  distinctly  recognizable  subspecific  distinctions  there 
may  yet  be  much  superficial  dissimilarity  among  the  individ- 
uals composing  a  single  species.  So  in  all  studies  of  the  results 
of  heredity,  of  the  actual  inheritance  of  parental  characters,  the 
degree  of  likeness  or  unlikeness  of  the  parents  must  be  taken 
into  account. 

So  that  the  "  laws  "  of  heredity,  as  formulated  on  a  study  not 
of  its  mechanism  but  of  its  results,  refer  to  the  character  of  the 
parental  union,  whether  pure  or  crossed,  and  if  crassed  whether 
the  parents  are  of  different  varieties  of  one  si)ccies  or  of  actually 
different  species.  As  a  matter  of  fact  the  crossing  of  parents 
with  a  few  to  many  dissimilar  characters  has  been  the  actual 
means  of  getting  at  some  of  the  most  imi)ortant  evidence  as  to 
the  behavior  of  heredity  that  we  have.  P^or  the  very  dissimilar- 
ity of  the  parental  attributes  makes  it  i)ossible  to  trace  in  the 
progeny  of  succeeding  generations  the  workings  or  results  of 
heredity  with  reference  to  these  particular  characters. 

Galton's  Law  of  Ancestral  Inheritance  may  be  stated  in  few 
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words,  although  for  an  understanding  of  the  character  of  the 
evidence  on  which  it  is  based, and  for  an  appreciation  of  its  whole 
significance  some  full  account  of  it,  preferably  Galton's  own 
statement  and  discussion  of  it  in  his  memoir  entitled  ''The 
Average  Contribution  of  Each  Several  Ancestor  to  the  Total 
Heritage  of  the  Offspring/'  published  in  1897,  should  be  read. 
From  a  study  of  the  carefully  kept  pedigree  book  of  the  kennels 
of  the  Basset  Hounds  Club,  with  records  extending  through 
twenty-two  years,  and  a  study  of  inheritance  in  the  British 
Peerage  made  possible  by  the  complete  genealogic  records 
kept  for  these  families,  together  with  a  consideration  of  va- 
rious other  less  detailed  but  at  least  helpful  records  of  inher- 
itance, Galton  formulated  the  statement  that  any  organism  of 
bisexual  parentage  derives  one  half  its  inherited  qualities  from 
its  parents  (one  fourth  from  each  parent),  one  fourth  from  its 
grandparents,  one  eighth  from  its  great-grandparents,  and  so 
on.  These  successive  fractions,  whose  numerators  are  one  and 
whose  denominators  are  the  successive  powers  of  two,  added 
together  equal  one  or  the  total  inheritance  of  the  organism:  thus 

The  English  mathematician  and  natural  philosopher,  Karl 
Pearson,  has  made  computations  showing  that  Galton's  law 
thus  simply  expressed  is  only  a  close  approximation  to  the 
actual  inheritance  relations,  and  that  the  fraction  indicating  the 
contribution  of  any  given  ancestor  must  be  slightly  modified 
by  introducing  into  it  another  factor.  In  general,  though, 
the  Galtonian  formula  received  a  very  general  acceptance 
among  biologists.  And  only  recently,  in  the  light  of  the  discov- 
ery of  Mendel's  investigations  and  conclusions  and  their  confir- 
nmtion  in  essential  principle  by  the  recent  researches  of  various 
botanists  and  zoologists,  has  Galton's  law  been  looked  on  as 
altogether  too  simple  and  incomplete  a  formulation  of  the  facts 
of  inheritance.  It  is  not  yet  quite  certain  whether  Galton's 
formula  is  consonant  with  the  Mendelian  formula  or  not.  But 
at  best  Galton's  law  only  expresses  a  part  of  what  may  now  with 
confidence  be  said  to  be  known  of  the  regular  course  of  inher- 
itance. 

Before  taking  up  the  actual  Mendelian  results  and  conclu- 
sions, however,  it  is  imfwrtant  for  us  to  note  the  different  modes 
or  kinds  of  behavior  of  inheritance  which  characteristics  may 
show  in  their  transmission.      Cuenot  has  made  a  rough  but 
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suggestive  classification  of  these  inheritance  categories  as 
follows: 

In  cross  matings — and  by  ''  cross  mating/'  students  of  hered- 
ity do  not  necessarily  mean  mating  between  distinct  species  or 
even  varieties,  but  mating  between  parents  which  disagree  in 
the  condition  of  one  or  more  specifically  referred  to  characteris- 
tics— ^in  cross  mating  between  the  parents  A  and  B,  if  we  con- 
sider a  single  pair  of  corresponding  characters  a  and  b  which 
differ  in  the  two  parents,  the  young  produced  by  the  crossing 
may  (1)  all  present  the  same  parental  character  a  without  any 
trace  of  the  character  b,  the  character  a  being  then  termed 
dominant  or  prepotent  or  prevalent,  the  other  recessive  or 
latent;  or,  (2)  the  young  may  all  agree  in  presenting  a  new  char- 
acter differing  from  the  parental  characters  a  and  b,  this  new 
character  apparently  being  a  simple  physical  mixture  or  a  real 
chemical  combination  or  blending  of  a  and  b;  or  (3),  the  young 
may  differ  from  one  another  in  regard  to  the  parental  characters 
a  and  6,  some  showing  the  character  a,  some  showing  the  char- 
acter 6;  or  (4)  the  young  may  differ  among  themselves  in  regard 
to  the  characters  a  and  6,  some  showing  the  character  a,  some 
the  character  6,  and  some  various  characters  intermediate  be- 
tween a  and  6;  or  (5)  the  young  may  show  the  characters  a  and 
6  side  by  side  in  each  individual  in  small  separated  parts,  even 
in  neighboring  but  distinct  cells.  These  differences  undoubt- 
edly dei)end  partly  on  the  nature  of  the  characteristics  them- 
selves, partly  on  the  kind  of  organism,  and  partly  on  extrinsic 
influences.  It  is  obvioiLs  also  that  for  certain  characteristics  by 
no  means  all  five  of  these  ways  are  open.  Many  characters  are 
so  wholly  antagonistic  that  no  blend  nor  any  mosaic  of  them  can 
occur  in  a  single  individual,  leaving  only  ways  (1)  and  (3),  viz., 
exclusive  or  alternative  inheritance  ojxmi  to  them. 

To  these  five  general  categories  of  the  actual  transmission 
of  certain  obvious  parental  characters  may  here  be  added  for 
consideration  those  cases  of  the  appearance  in  the  young  of  a 
character  or  characters  having  no  ohvioiis  relation  to  either  a 
or  by  but  sometimes  explicable  as  reversions  or  reappearances 
of  characters  |)o&sessed  by  ancestors  mon*  or  less  remote  and 
other  times  as  obviously  wholly  new  and  heretofore  never  ex- 
istent characters  which,  if  pronounc(Ml,  are  called  "sports"  or 
sudden  or  discontinuous  variations.  Also  must  be  taken  into 
account  the  possible  api)earance  among  the  young,  of  a  few*  to 
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many  individuals  showing  many  simultaneous,  usually  slight 
but  real  differences  from  the  parents  in  various  parts  and  func- 
tions. These  are  the  differences  called  mutations  by  de  Vries 
and  his  followers,  and  are  the  basis  of  the  at  present  consid- 
erably accepted  theory  of  species-forming  by  heterogenesis  or 
sudden  complete  fixed  modifications  of  organic  types.  In  the 
light  of  the  observations  and  experiments  of  de  Vries,  these  mu- 
tations are  of  special  importance  in  any  consideration  of  hered- 
ity and  variation.  (See  p.  157,  Chapter  IX,  for  a  brief  account 
of  these  mutations.) 

Tlie  Mendelian  "laws"  apply  only,  probably,  to  certain  par- 
ticular categories  of  inheritance,  or  rather  (!ategories  of  char- 
acters. That  is,  so  far  as  worked  out,  the  Mendelian  principles 
seem  to  have  definite  application  only  to  cases  of  inheritance  in 
which  the  characteristics  under  observation  are  mutually  ex- 
clusive or  alternative  in  character;  categories  (1)  and  (3)  in 
our  list  in  a  preceding  paragraph  are  the  only  ones  under  the 
rule  of  the  Mendelian  principles,  and  there  are  even  some  ex- 
ceptions in  these  categories.  The  various  other  kinds  of  inher- 
itance, called  blended  or  combined  (whore  the  two  chara(;teristics 
fuse  or  blend  to  form  a  new  condition),  and  mosaic  or  par- 
ticulate (where  both  parental  characteristics  exist  side  by  side 
in  each  indivichial  among  the  young),  af)parently  require  for 
their  explanatipn  something  besides  the  Mendelian  principle. 

At  some  time  between  1855  and  1865  Gregor  Johann  Mendel, 
an  Augustinian  monk  in  the  small  Austrian  village  of  Briinn, 
carried  on  in  the  gardens  of  his  cloister  pedigree  cultures  of  peas 
and  some  other  plants  from  which  he  derived  data  which  he  read, 
together  with  his  interpretation  of  their  significance,  before 
meetings  of  the  Natural  History  Society  of  Hri'mn,  and  which 
in  the  same  year  of  their  reading  (1865)  were  published  under  the 
title  "Experiments  in  Phmt-hyhridization,"  in  the  Ahhand- 
liingcn  (vol.  iv),  of  the  society.  Mendel  was  the  son  of  a  peas- 
ant, and  had  been  educated  in  Augustinian  foundations  and 
ordained  a  priest.  For  two  or  three  years  he  studied  physics 
and  natural  science  in  Vienna,  and  refers  to  himself  in  one  of  his 
papers  as  a  student  of  Kollar.  He  became  abbot  of  his  cloister, 
and  was  for  a  time  president  of  the  Briinn  Natural  History 
Society.  Such  are  the  ess(»ntial  details  of  the  education  and 
work  of  the  man  whose  name  will  undoubtedly  Uve  forever  in 
the  annals  of  biological  science. 
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Id's  principal  data  were  derived  from  the  crossinc  of 
es  of  peas  (Pisum  sativum)  in  which  he  found  eeveral  pairs 
i-marked  contracting  characters.  Bateson  gives  a  clear 
iKicise  summary  account  of  Mendel's  methods  and  results 
we  quote  in  the  following  paragraphs.  For  the  purposes 
tperiments  Mendel  selected  seven  pairs  of  characters  as 
■b: 

Shape  of  ripe  seed,  whether  round;  or  angular  and 
•cled. 
Color  of  "  endosperm  "  (cotyledons),  whether  some  shade 
tOw ;  or  a  more  or  less  intense  green. 
Color  of  the  seed  skin,  whether  various  shades  of  gray  and 
iHown;  or  white.. 

Shape  of  seed  pod,  whether  simply  inflated;  or  deeply 
ricted  between  the  seeds. 

Color  of  unripe  pod,  whether  a  shade  of  green;  or  a  bright 
<v. 
o.  Nature  of  inflorescence,  whether  the  flowers  are  arranged 
along  the  axis  of  the  plant;  or  are  terminal  and  form  a  kind  of 
umbel. 

7.  Length  of  stem,  whether  about  six  or  seven  feet  long, 
or  about  three  fourths  to  one  and  one  half  feet. 

"Large  numbers  of  crosses  were  made  between  peas  differing  in 
req)ect  of  one  at  each  of  these  pairs  of  characters.  It  was  found  that 
in  each  case  the  offspring  of  the  cross  exhibited  the  character  of  one 
of  the  parents  in  almost  undiminished  intensity,  and  intermediates 
which  could  not  tie  at  once  referred  to  one  or  other  of  the  parental 
forms  were  not  found. 

"In  the  case  of  each  piur  of  characters  there  is  thus  one  which  in 
the  first  cross  prevails  tc  the  exclusion  of  the  other.  This  prevtuUng 
character  Mendel  calls  the  domitiatU  character,  the  other  being  the 
recessive  character.' 

"That  the  existence  of  such  'dominant'  and  'recessive'  charac- 
ters is  a  frequent  phenomenon  in  cross  breeding,  is  well  known  to  all 
who  have  attended  to  these  subjects. 

"By  letting  the  cross-breds  fertilize  themselves  Mendel  next  raised 
another  generation.     In  this  generation  were  individuals  which  showed 

'  "Note  that  by  these  novel  terms  the  complii^tiomi  involved  by  the 
use  of  the  expression  'prepotent'  are  avoided." 


^ 
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the  dcnninant  diaracter,  but  also  individuals  which  presented  the 
recessive  character.  Such  a  fact  also  was  known  in  a  good  many 
instances.  But  Mendel  discovered  that  in  this  generation  the  numer- 
ical pr«^3ortion  of  dominants  to  recessives  is  on  an  average  of  cases 
approximately  constant,  being  in  fact  cm  three  to  one.  With,  very  con- 
siderable regularity  these  numbers  were  approached  in  the  case  of 
each  of  his  pairs  of  characters. 

"There  are  thus  in  the  first  generation  raised  from  the  croes- 
breds  seventy-five  per  cent  dominants  and  twenty-five  per  cent  re- 
cessives. 

"These  plants  were  again  self-fertilized,  and  the  offspring  of  each 
plant  separately  sown.  It  next  appeared  that  the  offspring  of  the 
recessive  remained  pure  recessive,  and  in  subsequent  generations  never 
produced  the  dominant  again. 

"  But  when  the  seeds  obtained  by  self-fertilizing  the  dominants  were 
examined  and  sown  it  was  found  that  the  dominants  were  not  all  alike, 
but  consisted  of  two  classes:  (1)  those  which  gave  rise  to  pure  dom- 
inants, and  (2)  others  which  gave  a  mixed  offspring,  composed  partly 
of  recessives,  partly  of  dominants.  Here  also  it  was  found  that  the 
average  numerical  proportions  were  constant,  those  with  pure  domi- 
nant offspring  being  to  those  with  mixed  offspring  as  one  to  two. 
Here  it  is  seen  that  the  seventy-five-per-cent  dominants  are  not  really 
of  similar  constitution,  but  consist  of  twenty-five  which  are  pure 
dominants  and  fifty  which  are  really  cross-breds,  though,  like  the 
cross-breds  raised  by  crossing  the  two  original  varieties,  they  only 
exhibit  the  dominant  character. 

"To  resume,  then,  it  was  found  that  by  self-fertilizing  the  original 
cross-breds  the  same  proportion  was  always  approached,  namely: 
25  dominants,  50  cross-breds,  25  recessives, 
or  ID  :2DR  :  IR. 

"Like  the  pure  recessives,  the  pure  dominants  are  thenceforth 
pure,  and  only  give  rise  to  dominants  in  all  succeeding  generations 
studied. 

"On  the  contrary  the  fifty  cross-breds,  as  stated  above,  have 
mixed  offspring.  But  these  offspring,  again,  in  their  numerical  pro- 
portions, follow  the  same  law,  namely,  that  there  are  three  dominants 
to  one  recessive.  The  rec<»s.siveH  are  pure  like  those  of  the  last  genera- 
tion, but  the  dominants  can,  by  further  self-fertilization,  and  exam- 
ination or  cultivation  of  the  s<hhIs  produced,  Ix;  again  shown  to  be 
made  up  of  pure  dominant 8  and  cross-breds  in  the  same  proportion 
of  one  dominant  to  two  cross-breds. 
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"The  process  of  breaking  up  into  the  parent  forms  is  thus  con- 
tinued in  each  successive  generation,  the  same  numerical  law  being 
followed  so  far  as  has  yet  been  observed. 

"Mendel  made  further  experiments  with  Pisutn  sativum,  crossing 
pairs  of  varieties  which  differed  from  each  other  in  two  characters, 
and  the  results,  though  necessarily  much  more  complex,  showed  that 
the  law  exhibited  in  the  simpler  case  of  pairs  differing  in  respect  of  one 
character  operated  here  also. 

"In  the  case  of  the  union  of  varieties  AB  and  ab  differing  in  two 
distinct  pairs  of  characters,  A  and  a,  B  and  6,  of  which  A  and  B  are 
dominant,  a  and  6  recessive,  Mendel  found  that  in  the  first  cross-bred 
generation  there  was  only  otie  class  of  offspring,  really  AaBb. 

"But  by  reason  of  the  dominance  of  one  character  of  each  pair 
these  first  crosses  were  hardly  if  at  all  distinguishable  from  AB, 

"By  letting  the  AaBb's  fertilize  themselves,  only  f<mr  classes  of 
offspring  seemed  to  be  produced,  namely: 
"AB  showing  both  dominant  characters. 
"Ab  showing  dominant  A  and  recessive  6. 
"  aB  showing  recessive  a  and  dominant  B. 
"  ab  showing  both  rccessive  characters  a  and  b. 
"The  numerical  ratio  in  which  these  classes  appeared  was  also 
regular  and  approached  the  ratio 

9AB  :3Ah  :  3aB  :  Uh, 
"But  on  cultivating  these  plants  and  allowing  them  to  fertilize 
themselves,  it  was  found  that  the  members  of  the 
Ratios 

1  ab  class  produce  only  aft's. 

^    {1  aB  class  may  produce  either  all  a/i's, 
(2        or  both  aB^s  and  a6's. 

Ab  class  may  produce  either  all  -4/>'s 

or  both  Ab*s  and  rt6's. 
AB  class  may  produce  either  all  ^l^'s 
or  both  AB*s  and  Ah*Hj 


\i 
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or  both  AB^s  and  aB\ 

or  all  four  possible  classes  a^ain, 

namely,  AB%  .46^s,  a/J's,  and  ab's, 

and  the  average  number  of  members  of  cacli  class  will  approach  the 

ratio  1  :  3  :  3  :  9  as  indicated  above. 

"The  details  of  these  ex|)eriments  and  of  others  like  them  made 

with  three  psdrs  of  diffcrentiatuig  characters  are  all  set  out  in  Mendel's 

memoir." 
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Perhaps  the  most  striking  thing  about  Mendel's  work  is  the 
singularly  suggestive  and  luminous  interpretation  which  he  gave 
of  just  why  the  pea  characteristics  were  transmitted  exactly 
as  they  were;  why,  in  general,  the  peculiar  numerical  ratio  be- 
tween dominant  and  recessive  should  be,  and  why  it  should 
persist  so  uniformly.  This  interpretation  or  explanation  is  now 
well  known  in  biology  as  the  theory  of  the  "  purity  of  the  germ 
cells,"  or,  as  Cuenot  has  called  it,  the  theory  of  "gametes  dis- 
joints/* or  "la  disjonction  des  characteres  dans  les  gametes  des 
hybrides'*  (the  separation  of  characters  in  the  germ  cell  of 
hybrids),  the  SpaUungsgesetz  of  de  Vries. 

This  interpretation  is  simply  that  in  the  young  of  the  first 
generation  after  a  cross-mating,  although  because  of  dominance 
but  one  of  the  contrasting  pair  of  parental  characters  will  show 
itself  in  the  body  make-up,  yet  when  these  young  form  their 
germ  cells  the  two  parental  characteristics  will  be  represented, 
but  only  one  in  any  one  germ  cell;  that  is,  in  the  case  of 
Mendel's  peas  that  the  pollen  cells  and  ovule  cells  produced  by 
the  cross-])red  young  would  carry  each  one  of  the  alternative  or 
mutually  exclusive  parental  varietal  characters.  If  this  were 
the  case  and  if,  on  an  average,  the  pollen  cells  and  ovule  cells 
were  evenly  divided  as  to  the  two  characteristics,  then  by 
miscellaneous  or  random  mating  (mating  according  to  the  law 
of  probabilities)  between  these  cells  we  should  get  in  the  de- 
velopcKl  young  just  such  conditions  with  regard  to  the  con- 
trasting characteristics  as  Mendel  actually  did  get  in  his  peas. 
For  twenty-five  per  cent  of  the  pollen  grains  representing  the 
dominant  character  would  unite  with  twenty-five  j)er  cent  of  the 
ovule  cells  representing  the  dominant  character,  twenty-five  per 
cent  of  the  recessive  pollen  grains  with  twenty-five  per  cent 
of  the  recessive  ovule  cells,  and  the  remaining  fifty  per  cent  of 
each  kind  with  each  other;  that  is,  of  every  four  pollen  grains  and 
every  four  egg  cells  we  should  get  by  random  pollination  1  pollen 
dominant  X  1  ovule  dominant ;  1  pollen  rec(»ssive  X  1  ovule  re- 
cessive; 1  pollen  dominant  X  1  ovule  recessive;  1  pollen  reces- 
sive X  1  ovule  dominant.  This  condition  would  bring  it  about 
that  the  fully  developed  young  would  show  the  contrasting 
characteristics  (rememl)ering  the  dominance  of  one  of  the  char- 
acteristics in  those  cases  in  which  dominant  and  recessive  are 
united),  in  this  condition:  :U),  IR.  Which  is  exactly  what 
occurred  in  Mendel's  peas,  and  has  since  been  noted  to  occur 


192  EVOLUTION  AND  ANIMAL  UFE 

in  many  other  cases  recorded  by  post-Mendelian  observers  and 
experimenters.  These  records  are  of  both  plants  and  animals, 
and  are  fast  multiplying. 

ThuB  the  so-called  Mendelian  laws  of  heredity  refer  to  two 
phases  of  .the  problem  of  inheritance — ^viz. :  (1)  how  inherited 
characters  are  actually  distributed,  and  (2)  the  fundamental 
cause,  lying  in  the  germ  plasm,  for  this  particular  kind  of  dis- 
tribution. Like  Galton's  formula,  Mendel's  law  expresses  the 
regularity  of  heredity  based  on  actual  recorded  statistics  of 
inheritance;  but  it  also  gives  a  satisfying  fundamental  reason  for 
this  regularity.  Biologists,  with  few  exceptions,  see  in  the 
establishment  of  the  Mendelian  principles  of  heredity  in  biologic 
science  the  greatest  advance  toward  a  rational  explanation  of 
inheritance  that  has  been  made  since  the  beginning  of  the 
scientific  study  of  the  problem. 

The  extraordinary  fact  that  Mendel's  work  lay  practicaUy 
unnoted  for  thirty-five  years  (actually  the  only  reference  to  it  in 
scientific  "  literature  "  in  all  that  time  seems  to  have  been  one  by 
Focke  in  1881  in  Die  Pfianzenmischlingey  p.  109),  has  been 
partly  explained  by  Bateson  as  due  to  the  driving  interest  felt 
through  all  that  time  by  biologists  generally  in  other  phases  of 
investigation;  but  it  remains  a  curious  commentary  on  the 
possibilities  of  the  temporary  obscurity  that  may  be  in  store  for 
even  the  best  scientific  work.  The  "discovery"  of  MendeFs 
work  seems  to  have  been  made  in  1900  by  three  investigators 
almost  simultaneously,  who  also  discovered  independently  the 
same  important  facts  of  the  transmission  behavior  in  inheritance 
of  exclusive  or  alternative  characteristics.  These  men  are  de 
Vries,  Tschermak,  and  Correns,  and  their  published  papers  not 
only  verify  Mendel's  particular  work  on  the  peas,  but  confirm 
his  principles  or  laws  on  the  basis  of  much  added  experimenta- 
tion and  observation  on  other  plants.  In  the  last  five  years 
zoologists,  notably  von  Gnaita  working  with  mice,  Cuenot, 
Darbishire,  Davenport,  Bateson  and  Castle  with  mice,  rabbits, 
guinea-pigs  and  chickens,  McCracken  with  certain  beetles,  and 
Toyama,  Mrs.  Bell  and  Kellogg  with  silkworms,  have  shown 
that  Mendelian  principles  obtain  in  animal  as  well  as  in  plant 
inheritance.  For  the  results  of  all  of  these  investigations  in 
large  measure  confirm  our  confidence  in  the  Mendelian  prin- 
ciples of  dominance  and  recessivity  and  of  the  purity  of  germ 
cells.     But  also  in  nearly  all  of  these  studies  the  investigators 
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have  found  some  inconsistencies  and  have  caught  glimpses  of 
other  principles  which,  when  finally  grasped,  will  imdoubtedly 
considerably  limit  the  application  of  Mendel's  laws,  but  will, 
almost  certainly,  not  detract  from  their  importance,  nor  lessen 
in  any  degree  the  high  place  in  science  that  belongs  to  the 
patient,  persistent,  clear-minded  Augustinian  monk  of  the 
cloister  gardens  of  Briinn. 

One  of  the  modifications  of  the  Mendelian  behavior  of 
hybrids  which  has  been  shown  to  exist  in  certain  cases,  is  that 
the  young  of  the  cross-mated  parents  may  not  all  exhibit  in 
the  same  degree  the  dominant  characteristic,  although  in  the 
subsequent  generations  the  regular  Mendelian  three-to-one 
splitting  up  into  dominant  and  recessive  appearance  may 
occur.  The  young  of  the  first  generation  may  include  a  very 
few  individuals  showing  the  recessive  character,  as  de  Vries  foimd 
in  mating  two  varieties  of  Papaver  samniferum  (ninety-seven 
per  cent  showed  the  dominant  character,  three  per  cent  the  re- 
cessive). Or  the  first  generation  may  show  a  sort  of  pseudo- 
blend  condition,  approaching  but  not  duplicating  exactly  the 
dominant  characteristic,  as  occurs  when  Hyoscyamus  pallidti8 
is  crossed  with  H.  niger  (de  Vries,  '*Die  Mutationstheorie," 
Bd.  II.,  p.  162.) 

When  silkworm  moths  of  the  race  Shanghai,  with  white 
cocoons,  are  crossed  with  moths  of  the  race  Yellow  Var.  with 
rose-yellow  cocoons,  the  hybrid  oflfspring  make  straw-yellow 
cocoons  of  a  tint  just  between  the  two  parent  tints.  The  color- 
ing matter  of  the  grapevine  Aramon  has  the  chemical  formula 
C4oH3a02o,  and  the  coloring  matter  of  the  race  Teinturier  has 
the  formula  C44H4o02o-  the  hybrid  offspring  called  PetU- 
Bouachet,  of  a  crossing  of  these  two,  has  coloring  matter  of  the 
formula  C45H38O20,  exactly  intermediate.  Mendel  himself  got 
as  the  result  of  a  crossing  between  two  fx»a  races,  one  one  foot 
in  height  and  the  other  six  feet,  hybrids  measuring  from  six 
to  seven  and  one  half  feet  high.  These  are  siKJcific  cases  of 
blended  inheritance  and  there  are  many  others  known. 

Also  when  the  plant  Mirabilis  jcUapa  9 ,  with  red  flowers, 
is  crossed  with  a  male  variety  with  white  flowers  the  hybrid 
offspring  exhibit  red  flowers  (maternal  type),  white  flowers 
(paternal  typo),  and  flowers  streaked  with  the  two  colors.  So 
when  com  with  blue  kernels  is  cro8se<l  with  corn  with  white 
kernels,  a  hybrid  is  obtained  exhibiting  on  a  single  ear  blue 
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kernels,  white  kernels,  kernels  of  intcrnMtcliati^  bluish-white  tint 
and  kernels  wt  reiiked  with  blue  and  wtiitc,  Tlie  Btrcake<l  flowrr» 
aiid  kernels  «f  these  two  cases  are  due  to  mosaic  inlieritance. 
Or  the  apparent 
dnmiiiiinec  iif  the 
CO  ti  trant  i  nt;  charac- 
torieties  may  he 
proved  to  linve 
KomethinR  of  real 
dominance  about  it, 
as  Miss  McUraokcn 
has  BO  clearly  shown 
in  her  studies  of 
the  inheritance  of 
diehromatism  in  the 
little  beetles  Una 
tapjtonirn  (Fifi.  117) 
an(l  Gaslritidca  dis- 
simitis.  Here  the 
first  two  or  thn-c 
gen  era  lions  behave 
true  Mendelian 
but     with 

successive  generations  the  dominant  character  is  plainly  sei^n  to 
be  gradually  extinguishing;  f  he  recessive  character  in  tlio  cross- 
bred groups,  BO  that  in  the  seventh  general  ion  after  the  original 
cross-mating  the  Mcnde- 
lian  ratio  of  2  to  1  in 
the  cross-brt-d  group  is 
changed  to  28  to  1. 

There  may  occur  also 
a  breaking  up  or  dct 

{Kisition  of  the  parental  i^^^^^m^  *■'  ■  "■ 

varietal  (characters,  whii-h  V^^^^^V/  Vv'l"^ 

may  mean  tliat  the  domi- 
nant smi    recessive    rhar-       fin.lU.— Linn  lnj>poniea.ai-wii<u<l'ty">U.nm. 
aetcrs      are      not      simple        OMbUckindoneuHiIW-l.    <AIIer  UpLYackcD.I 

ones  but  are  cotnplox — 

i.  e.,  really  'he  resultant  of  several  combined  charaetcristics;  or 
it  may  mean  that  there  e^usts  a  real  instability  in  the  parent 
lyi>e  and  that  the  stimulus  or  influence  of  the  cross-mating  is  all 
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that  is  needed  to  break  down  this  weak  apparent  stability  of  the 
type  and  allow  its  component  characters  (the  elementary  units 
of  de  Vries)  to  recombine  into  various  new  and  differing  types. 
This  condition  seems  to  be  that  which  results  in  the  extraordi- 
nary variation  so  commonly  observed  by  plant  and  animal 
breeders  as  brought  out  by  hybridization,  and  which  is  con- 
stantly made  use  of  by  these  breeders.  Luther  Burbank  de- 
pends very  largely  on  this  initial  abundant  and  eccentric  varia- 
tion induced  by  wide  hybridizations  for  "  starters  "  for  his  work 
of  producing  "new  creations." 

So  in  accepting  Mendel's  laws  of  heredity  we  must  bear 
clearly  in  mind  that  they  by  no  means  apply  to  all,  or,  at  any 
rate,  that  our  present  knowledge  of  them  does  not  include  their 
appUcation  to  all,  cases  and  categories  of  inheritance. 


CHAPTER  XI 
INHERITANCE   OF  ACQUIRED  CHARACTERS 

Tout  ce  qui  a  M  acquis,  trac^  ou  change  dans  rorganisation  des 
individus,  pendant  le  coure  de  leur  \ne,  est  conserve  par  la  g^n^ration 
et  timnsmis  aux  nouveaux  individus  qui  pro^iennent  de  ceux  qui  ont 
eprouv^  ces  changementa. — ^Lamarck. 

Heaven  forfend  me  from  Lamarck  nonsense  of  a  tendency  to  pro- 
gression, adaptation  from  the  slow  ¥rilling  of  animals,  etc. ;  but  the 
conclusions  I  am  led  to  are  not  wholly  different  from  his,  though  the 
means  of  change  are  wholly  so. — DAR\^^x  to  Hooker,  1848. 

The  "fourth  Iaw  of  Evolution/*  as  expressed  by  I^marck 
in  his  "  Zoological  Philosophy.'*  reads  as  follows:  **  All  that  has 
been  acquired,  begun,  or  changed  in  the  structure  of  individuals 
in  their  lifetime,  is  preserved  in  reproduction  and  transmitted  to 
the  new  individuals  which  spring  from  those  which  have  in- 
herited the  change." 

This  principle  was  used  by  Lamarck  as  one  of  the  funda- 
mental elements  in  his  theory  of  the  transmutation  of  species. 
For  nearly  a  hundred  years  it  attracted  little  attention,  being 
accepted  as  a  part  of  the  law  of  heredity  by  most  persons,  even 
by  those  most  opposed  to  the  essential  jmrt  of  I^marck*s  theor}', 
the  derivation  or  transmutation  of  species.  Among  others, 
Darwin  accepted  it  as  one  of  the  factors  in  evolution  of  forms. 
With  Herbert  Spencer  it  l>ecame  one  of  the  fundamental  prin- 
ciples of  the  philosophy  of  Evolution.  Mr.  Sjx^ncer  states  the 
proposition  in  this  way:  *' Change  of  function  produces  change 
of  structure:  it  is  a  tenable  hyix)thesis  that  changes  of  structure 
so  produced  are  inherited."  For  the  sup|)osed  inheritance  of 
characters  pro<luced  by  the  impact  of  environment  or  by 
resultant  activities  of  the  individual  the  term  progressive 
heredity  has  been  devised.    The  fact  of  the  existence  of  pro- 
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gresBive  heredity,  more  or  less  taken  for  granted  by  writers  of 
the  last  century,  was  flatly  denied  by  Dr.  August  Weismann, 
who  insisted  that  it  was  necessary  that  the  theory  of  the 
inheritance  of  characters  acquired  in  the  lifetime  of  the  indi- 
vidual should  no  longer  be  accepted  without  definite  proof. 

In  the  theory  of  heredity  through  the  development  of  the 
germ  cell  controlled  by  influences  exerts  by  structures  within 
the  nucleus,  Weismann  foimd  no  room  for  the  inheritance  of 
characters  not  preestablished  within  this  germ.  External  in- 
fluences in  general  cannot  reach  the  germ  cells,  and  throughout 
nature  the  germ  cells  are  elaborately  protected  from  the  direct 
influence  of  external  conditions. 

Tliis  attack  upon  an  ancient  theory  roused  its  supporters 
to  defend  their  faith  and  to  search  for  evidence  to  support  it. 
A  temporary  division  of  naturalists  into  two  schools  arose  as  a 
result  of  this  discussion.  Those  who  held  with  Lamarck  and 
Spencer  that  characters  gained  in  the  life  time  of  the  individual, 
and  not  received  from  ancestors  possessing  them,  became  hered- 
itary, were  known  as  Neo-I^marckians.  Those  who,  with 
Weismann,  denied  the  existence  of  this  factor  and  from  a  neces- 
sity, real  or  fancied,  laid  special  stress  on  the  Darwinian  principle 
of  natural  selection,  assumed  the  title  of  Neo-Darwinians.  In 
their  hands  the  Darwinian  principle  l)ecame  the  all-powerful 
factor  in  evolution,  a  theory  of  AUmacht  which  was  soon 
questioned  from  other  quarters  and  by  those  not  considered  as 
Neo-I^amarckians.  Prominent  among  the  leaders  of  the  Neo- 
liimarckians  were  Herbert  Spencer,  Haeckel,  Nfigeli,  Cope, 
Eimer,  Hyatt,  Gadow,  Dall,  Packard,  and  others.  Among 
the  recognize<l  Neo-Darwinians  were  Weismann,  Wallace,  Hux- 
ley, Gray,  Brooks,  Lankester,  and  others. 

After  some  years  of  controversy,  mostly  theoretical,  the  dis- 
cussion has  been  tacitly  dropped  by  biologists  generally.  It  is 
recognized  that  the  sole  crucial  test  is  that  of  experiment,  that 
experiment  is  not  easy,  inasmuch  as  it  is  very  difficult  to  show 
that  any  given  trait  in  hennlity  really  belongs  to  the  category 
of  ac(|uired  characters,  and  that  in  no  case  has  it  l)een  indu- 
bitably shown  that  any  charactei  not  inborn  has  biH»n  inheriteil. 
Moreover  the  studies  of  the  germ  cell  and  the  physical  basis  of 
heredity  tend  to  show  that  the  structures  of  the  germ  cell  are 
more  complex  and  that  the  proc(»sses  of  heredity  are  in  a  sense 

more  mechanical  than  could  have  been  supposed  in  the  time  of 
U 
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Lamarck  or  even  that  of  Dar>vin  or  Spencer.  The  characters 
shown  by  any  adult  individual  are  all  in  a  sense  acquired  char- 
acters, their  development  dependent  largely  on  nutrition  and  on 
the  influences  of  environment.  The  facts  of  heredity  show  that 
it  is  not  the  actual  traits  of  the  parents,  but  rather  their  poten- 
tialities which  are  inherited.  Moreover,  acquired  characters 
are  simply  matters  of  degree  of  development.  They  represent 
in  no  case  anything  qualitatively  new.  Taking  the  modem 
theories  of  heredity,  it  is  perhaps  not  conceivable  that  "all  that 
is  acquired,  begun,  or  changed  "  in  the  physical  or  mental  life 
of  the  individual  should  produce  a  corresponding  change  in  the 
germ  cells,  or  in  the  cells  from  which  these  are  thrown  off. 

On  the  other  hand.  Dr.  Weismann  has  admitted  the  pasai- 
bility  that  one-ceUed  animals  and  animals  of  simple  structure 
in  which  the  germ  cell  shares  in  the  general  relation  of  the  lx)dy 
cells  to  the  environment  may  be  eflPerted  by  developmental  con- 
ditions. In  other  words,  the  inheritance  of  acquired  characters 
may  be  a  reality  in  the  development  of  Protozoa,  the  simpler 
Metazoa,  and  the  lower  ty]>es  of  plants,  but  this  condition  does 
not  obtain  among  the  higher  forms. 

In  much  of  the  discussion  on  this  subject  the  term  "ac- 
quired characters  '*  is  used  with  an  uncertain  or  double  meaning. 
The  term  should  be  limited  to  traits  of  the  individual  which 
w^ere  not  inborn  or  blastogenic,  and  would  not  Iw  exhibite<l  in 
the  natural  or  usual  development  of  the  indivithial.  In  general, 
such  traits  would  arise  either  from  the  o|)eration  of  use  or  disiLse 
of  parts,  or  other  functional  stimulation  derived  from  the  en- 
vironment. 

An  illustration  of  an  acquired  character  resulting  from  use 
and  disuse  would  l)e  the  increas^nl  size  of  the  ami  in  the  black- 
smith, or  the  decreased  leg  muscles  of  the  tailor.  The  training 
of  a  musician  or  of  a  mathematician  would  give  increased  jwwer 
along  the  lines  of  the  training.  The  neglect  of  the  musical  or  of 
mathematical  abilitv  would  lead  to  the  relative  UKMliocritv  of 
this  form  of  ability.  Education  in  a  general  way  increases  mental 
capacity:  neglect  of  e<lucation  allows  it  to  become  relatively 
less.  The  supposed  inheritance  of  results  of  civilization  forms 
an  important  part  of  the  philosophy  of  Herbert  Si)encer.  Is 
civilization  the  inheritance  of  the  ]X)wer  gained  by  past  suc- 
cesses, or  is  it  simply  the  acquisition  of  the  machinery  which 
past  successes  have  produced?    As  to  this  Herbert  SiH»ncer 
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remarks:  "Considering  the  width  and  depth  of  the  effects 
which  the  acceptance  of  one  or  the  other  of  these  hypotheses 
must  have  on  our  views  of  hfe,  the  question,  Which  of  them  is 
true?  demands  beyond  all  other  questions  whatever  the  atten- 
tion of  scientific  men." 

Other  illustrations  of  the  supposed  effect  of  use  and  disuse 
are  thus  discussed  by  Dr.  Edwin  Grant  Conklin: 

"In  the  first  place,  this  whole  line  of  argument  starts  with  the 
assumption  that  the  individual  habits  of  an  animal  are  inherited,  and 
that  these  habits  ultimately  determine  the  structure,  an  assumption 
which  really  begs  the  whole  question ;  for,  after  all,  the  substratum  of 
any  habit  must  be  some  physical  structure,  and  if  modified  habits  are 
inherited  it  must  be  because  some  modified  structure  is  inherited.  I 
take  an  example  which  will  serve  as  an  illustration  of  a  whole  class: 
Jackson  says  that  the  elongated  siphon  of  Mya,  the  long-necked  clam, 
is  due  to  its  habit  of  burrowing  in  the  mud,  or  to  quote  his  words: 
'  It  seems  very  evident  that  the  long  siphon  of  this  genus  was  brought 
about  by  the  effort  to  reach  the  surface,  induced  by  the  habit  of  deep 
burial.*  It  certainly  would  be  pertinent  to  inquire  where  it  got  this 
habit,  and  how  it  happened  to  be  transmitted.  It  is  surely  as  diffi- 
cult to  explain  the  accjuisition  and  inheritance  of  habits,  the  basis  of 
which  we  do  not  know,  as  it  is  to  ex|)lain  the  acquisition  and  inheri- 
tance of  structures  which  are  tangible  and  visible.  Such  a  method 
of  procedure,  in  addition  to  l)ep;ging  the  whole  (luestion,  commits  the 
further  sin  of  reasoning  from  the  relatively  unknown  to  the  relatively 
known. 

"This  case  is  but  a  fair  sample  of  a  whole  class,  among  which  may 
Ixj  mentioned  the  following;:  The  (Icrivation  of  the  lonjj;  hind  legs  of 
jum))ing  animals,  the  lonjj;  forelegs  of  climbing  animals,  and  the  elon- 
gation of  all  the  k%s  of  running  animals  through  the  influence  of  an 
inheritetl  habit.  All  such  cases  are  o\xin  to  the  very  serious  objection 
mentitHied  above. 

*•  Another  whole  class  of  arguments  may  lx»  reduced  to  this  propo- 
sition: Ikicause  necessary  mechanical  conditions  are  never  \iolated 
by  organisms,  therefore  modifications  due  to  such  conditions  show 
the  inheritance  of  acquired  characters.  Plainly,  the  alternative  propo- 
sition is  this:  if  acciuircd  characters  are  not  inherited,  organisms  ought 
to  do  impossible  thinj^s. 

"Many  of  the  arj^uments  advanced  to  prove  the  inheritance  of 
characters  accjuired  through  use  or  disuse  sc»em  to  me  to  prove  entirely 
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too  much.  For  example,  Profeasor  Cope  argues  very  ably  that  bones 
are  lengthened  by  both  stretch  and  impact,  and  that  modifications 
thus  produced  are  inherited.  Even  granting  that  this  is  true,  how 
would  it  be  possible  for  this  process  of  lengthening  to  cease,  since  in 
active  ftnimfilii  the  stretch  and  impact  must  be  continual?  Ftofeasor 
Cope  answers  that  the  growth  ceases  when  'equilibrium'  is  reached. 
I  confess  that  I  cannot  understand  this  explanation,  since  the  assumed 
stimulus  to  growth  must  be  continual.  But,  granting  again  that 
growth  may  stop  when  an  ammal's  legs  become  long  cnou^  to  'sat- 
isfy its  needs,'  how  on  this  principle  arc  wc  to  account  for  the  sh<Nten- 
ing  of  legs,  as,  for  example,  in  the  turnspit  dog  and  the  ancon  sheep 
and  numberless  cases  occurring  in  nature?  If  any  one  species  was 
able,  by  taking  thou^t  of  mechanical  stresses  and  strains,  to  add  one 
cubit  unto  its  stature,  how  could  the  same  stresses  and  strains  be 
invoked  to  decrease  its  stature? 

"These  evidences  are,  I  know,  not  the  strongest  ones  which  can  be 
adduced  in  support  of  the  Lamarckian  factors.  There  are  at  present 
a  relatively  small  number  of  such  arguments  which  seem  to  be  valid 
and  the  great  force  of  which  I  fully  admit.  ])ut  the  vases  which  I  have 
cited  are,  I  believe,  fair  samples  of  the  majority  of  the  cNidences  so 
far  presented,  and  in  the  face  of  such  'evidence'  it  is  not  suqmsing 
that  one  who  is  himself  a  profound  student  of  the  subject  and  a  (con- 
vinced Lamarckian  prays  that  the  Lamarckian  theory  may  be  deliv- 
ered from  its  friends."  * 

As  to  the  inheritance  of  the  effects  of  extrinsic  forces  on 
the  individual,  we  find  little  in  the  way  of  direct  evidence. 

In  all  the  members  of  the  large  family  of  fioundcrs  and  soles, 
the  adult  fish  rests  fiat  on  the  bottom  and  swims  on  its  side,  the 
cranium  being  twisted  so  that  both  ey(»s  api)car  on  the  upper 
side.  As  a  rule  color  cells  are  developed  on  the  upi)er  side  only, 
the  lower  cells  remaining  largely  uncolorcd  or  white.  In  the 
young  of  all  species  the  head  is  symmetrical,  both  eyes  being 
normally  situated,  and  the  fish  swims  vertically  in  the  water. 
Little  by  little,  as  development  goes  on,  the  fish  turns  over  to 
one  side,  and  the  eye  of  the  lower  side  passes  around  or  through 
the  forehead  to  join  its  fellow  on  the  upp<T  side.  On  the  upper 
side  pigment  cells  develop,  while  on  the  lower  side  they  remain 


'H.  F.  Osbom,  "Evolution  and   Heredity,"  Wood's  Roll  Biological 
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imperfect.  However,  in  a  flounder  reared  under  conditions  in 
which  the  light  falls  on  the  lower  side,  pigment  cells  are  de- 
veloped also  on  that  side. 

It  has  been  claimed  by  certain  writers,  as  Cunningham,  that 
the  twisting  of  the  head  in  the  flounder  is  due  to  the  inheritance 
of  an  acquired  character.  A  flat  fish  without  air  bladder,  rest- 
ing on  the  sea  bottom,  naturally  falls  on  one  side.  The  eye 
thrust  into  the  sand  is  naturally  twisted  around  to  the  upper 
side,  and  this  tendency  begun  in  very  young  individuals  becomes 
hereditary,  while  the  lack  of  pigment  on  the  under  side  is  also 
transmitted  by  inheritance.  But  it  is  just  as  easy  to  claim 
that  the  first  trait  of  adaptation  is  due  to  natural  selection,  and 
that  the  whiteness  of  the  blind  side  is  ontogenetic,  due  to  the 
absence  of  light  in  the  growth  of  the  individual.  In  any  case,  no 
specific  theory  of  the  origin  of  the  twist  of  the  flounder's  head 
can  be  regarded  as  proved. 

It  is  well  known,  as  Dr.  Conklin  observes,  that  certain  water 
snails  "if  reared  in  small  vessels  are  smaller  than  when  grown 
in  large  ones,"  and  this  case  has  been  cited  as  showing  the 
influence  of  environment  in  modifying  species.  There  is  good 
evidence,  however,  that  this  modifiration  does  not  affect  the 
germinal  protoplasm,  for  these  same  gasteropods  will  grow 
larger  if  placed  in  larger  vessels.  It  seems  very  probable  that 
the  diminished  size  of  these  animals  is  due  to  deficient  food 
supply,  but  this  has  so  little  modified  the  somatic  protoplasm 
that,  although  they  may  lx>  fully  developed  as  shown  by  sexual 
maturity,  they  at  once  increase  in  size  as  soon  as  more  abundant 
food  is  provi(iod,  and  this  takes  place  by  the  active  growth  and 
division  of  all  the  cells  of  the  body.  In  higher  animals,  once 
maturity  has  been  reached,  there  is  little  chance  for  gro\vth, 
apparently  because  many  of  the  cells  are  so  highly  differen- 
tiated that  they  can  no  longer  divide;  consequently  the  giowth 
is  limited,  and  hence  the  size  of  the  adult  may  dei)end  in  part 
upon  the  amount  of  nutriment  furnished  to  the  embryo.  This 
limitation  of  growth  is  due  to  the  high  degree  of  differentiation 
of  the  somatic  cells.  Hut  as  the  germ  cells  are  not  highly  dif- 
ferentiated and  are  capable  of  division,  it  follows  that  they 
would  not  be  permanently  mo<lified  by  starving.  It  may  be, 
as  Professor  Brewer  argues,  that  long-continued  starving  and 
consequent  dwarfing  of  animals  may  leave  its  mark  on  the 
germinal  plasm;  but,  as  he  also  remarks,  this  influence  must  be 
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very  slight  as  compared  with  the  cumulative  effects  of  selection 
in  breeding,  and  it  is  safe  to  assert  that  there  is  no  such  whole- 
sale and  immediate  modification  of  the  germinal  plasm  due  to 
nutrition  as  some  people  seem  to  suppose/' 

As  a  matter  of  fact  experiment  has  shown  that  the  results  of 
dwarfing  due  to  lack  of  food  are  shown  for  three  generations  in 
silkworms  (these  subsequent  broods  of  larvse  being  full  fed 
but  producing  dwarfed  moths).  But  with  succeeding  genera- 
tions the  moths  became  larger  and  resumed  their  normal  ap- 
pearance. 

Mutilations  of  any  sort  are  not  inherited.  The  tails  of 
sheep  have  been  cut  off  for  countless  generations.  Yet  each 
Iamb  is  bom  with  a  tail.  This  law  holds  good  for  docked  tails, 
docked  ears,  pierced  ears,  and  the  many  mutilations  to  which 
domestic  animals  and  men  have  been  subject  since  the  begin- 
ning of  civilization. 

Influences  of  climate,  of  heat,  of  cold  are  not  inherited  so 
far  as  exix^rinient  shows,  nor  has  it  l>ocn  made  clear  that  any 
extrinsic  influence  exerted  on  the  individual  reallv  modifies 
the  forces  of  heredity.  Even  I^amarck  admits  this.  He  ob- 
serves: "Circumstances  change  the  forms  of  animals.  But  I 
must  not  be  taken  literally,  for  environment  can  effect  no  direct 
changes  whatever  upon  the  organization  of  animals." 

In  Spencer's  view,  the  phenomena  of  instinct  are  to  l^e  ex- 
plained as  the  inheritance  of  habits  of  the  individual.  The 
Neo-Darwinians  see  in  the  adaptations  of  instinct  only  the  re- 
sults of  natural  selection  acting  upon  the  endless  variations  to 
which  individual  instincts  are  subject.  In  most  cases  the  latter 
view  seems  the  most  probable.  In  some  cases  it  hardly  offers 
a  plausible  explanation. 

The  young  mocking  bird  shows  an  inl)orn  dread  of  owls  and 
cats,  while  it  is  relatively  indifferent  to  the  presence  of  dogs  or 
chickens.  It  seems  hardly  reasonable  to  supi)ose  that  all 
mocking  birds  without  this  instinct  of  dread  for  these  particular 
animals  have  been  dest roved,  while  the  others  have  survive<l. 
Still  more  deep  seated  is  the  dread  of  snak(\s  |K)ssesso(l  by  all  the 
monkey  species  known  to  us,  as  well  as  by  their  human  allies. 
Most  men  and  most  monkeys  have  a  different  f(»<»Hng  in  regard 
to  snakes  from  that  exhibited  toward  anv  other  sort  of  animals. 
This  feeling  is  inborn.  It  may  be  suppress(Ml,  ])ut  not  often 
wholly  conquered.     To  call  it  an  inherited  ex|K?rience  is  easy, 


INHERITANCE  OF  ACQUIRED  CHARACTERS  203 

but  in  default  of  other  evidence  for  the  inheritance  of  experi- 
ences, the  explanation  is  not  satisfactory.  But  it  is  not  easy 
to  believe  that  in  early  times  those  without  this  instinct  fell 
victims  to  venomous  snakes  through  their  own  fearlessness.  It 
is  perhaps  not  necessary  to  take  sides  on  this  question.  Any 
view  we  may  adopt  rests  for  confirmation  mainly  on  the  im- 
probability of  what  we  conceive  to  be  the  opposite  alternative. 
Conklin  further  observes  that  the 

"so-called  facts  [of  progressive  heredity]  are  merely  probabilities  of  a 
higher  or  lower  order,  and  to  one  man  they  seem  more  important  than 
to  another.  No  conviction  based  even  upon  a  high  degree  of  proba- 
bility can  ever  be  reached  in  this  way.  There  is  here  a  deadlock  of 
opinion,  each  challenging  the  other  to  produce  indubitable  proof. 
This  can  never  be  furnished  by  observation  alone.  Possibly  even 
experiment  may  fail  in  it,  but  at  least  it  is  the  only  hope." 

We  shall  not  assist  science,  says  Osborn, 

"with  any  evolution  factor  grounded  upon  logic  rather  than  upon 
inductive  demonstration.  A  retrograde  chapter  in  the  history  of  sci- 
ence would  open  if  we  do  so  and  should  acce|>t  as  established  laws 
those  which  rest  so  largely  upon  negative  reasoning.'' 

Meanwhile  we  may  regard  the  theory  of  the  inheritance  of 
acquired  characters  as  a  piece  of  useful  scaffolding  which  has 
serveil  its  purjXKse  in  the  develoj)ment  of  the  facts  of  the  deriva- 
tion of  spcH'ies.  At  present  most  of  it — perhaps  all  of  it — must 
be  taken  down,  l)ut  it  may  be  that  from  the  same  base  will  arise 
a  better  constructed  theory  which  will  again  serve  a  purpose 
in  the  study  of  organic  evolution. 

Similar  conditions  in  life  tend  to  develop  or  encourage 
analogous  adaptations  in  groups  of  animals  not  homologous  in 
structure  nor  closely  n^latcnl  by  lines  of  descent.  In  many  cases 
these  adaptations  are  so  very  similar  and  are  so  subtle  in  their 
parallelism  as  to  deceive  even  the  trained  naturalist.  In  other 
cases,  the  convergence  and  its  consetpient  analogies  are  less 
perfect,  and  the  separate  influence  of  like  selection  under  like 
environment  is  easily  traceable. 

Kxampl(»s  of  this  sort  an*  seen  in  the  density  of  the  fur  of  all 
Arctic  animals,  whatever  the  group  to  which  they  belong.  An- 
other illustration  is  found  in  the  white  winter  dress  of  weasels, 
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rabbits,  owls,  ptannigans,  and  other  birds  and  mammals,  this 
color  aiding  alike  in  defense  or  attack  as  against  the  back- 
ground of  snow.  Similar  convergence  of  characters  is  seen  in 
the  gray  hues  of  almost  all  desert  animals,  in  the  thorny  stems 
and  scant  thick  foliage  of  almost  all  desert  plants.  In  swift 
streams,  fishes  of  various  types  (sculpins,  darters,  gobies,  cat- 
fish, and  minnows)  protect  themselves  from  the  current  by  the 
reduction  of  the  air  bladder,  by  the  instinct  to  lie  fiat  on  the 
bottom,  and  the  instinct  to  make  short  quick  darts  from  place  to 
place  in  the  swift  waters.  To  this  end  also,  certain  fins  are  in 
each  case  especially  increased  in  size  and  force. 

Convergence  of  characters  is  shown  in  the  black  colors,  soft 
bodies,  and  luminous  spots,  characteristic  of  different  groups  of 
deep-sea  fishes.  It  also  appears  in  the  development  of  eellike 
forms  in  groups  of  fishes  which  have  no  affinity  with  eels,  and 
of  snakelike  forms  among  Jizards  and  salamanders,  which  have 
no  real  affinity  with  snakes.  Like  conditions  of  life  bring  about 
like  structures.  We  may  instance  the  occurrence  of  blind  fishes 
of  various  groups  in  the  different  cave  areas,  these  sj^cies  being 
derived  in  all  cases  from  fishes  of  neighboring  regions  having 
well-developed  eyes.  Thus  the  blind  cave  fish  of  Missouri  (Trog- 
lichthys  rosar),  and  those  of  Indiana  and  Kentucky  {Amblyopsis 
spdanis,  Typhlichthys  subterranetis) ^  are  separately  derived  from 
the  once  widespread  type  of  the  Dismal  Swamp  fish  (Cholo- 
gaster  comuius).  The  blind  fishes  of  Cuba  (Stygicola,  Lucifuga) 
are  derived  from  ancestors  of  a  marine  cusk  (Brotula)  now  found 
in  the  Cuban  seas.  The  blind  catfish  of  Pennsylvania  {Gronias 
nigrilabris)  is  modified  from  an  existing  species  {Ameiurus 
pidlus)  found  in  the  same  region.  The'  blind  salamanders  of 
Austria  and  Texas  are  derived  from  former  inhabitants  of  the 
same  regions  which  possessed  well-developed  eyes. 

Parallelisms  of  this  sort  are  found  in  every  group  of  animals 
and  plants.  It  is  generally  easy  to  distinguish  analogous 
variations  or  results  of  convergence  of  characters,  by  the  study 
of  comparative  anatomy.  Reaemhlanees  induced  by  like  selec- 
tion or  by  Hke  conditions  are  usually  superficial  and  do  not 
affect  those  structures  which  do  not  conic  into  direct  contact 
with  external  conditions.  But  sometimc^s  even  deep-seated 
characters  have  been  reached  and  affected  bv  environmental 
influences.  In  this  case  a  finer  tost  is  found  in  the  studv  of 
embryonic  development.     In  general,  creatures  actually  closely 
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related  in  descent  have  inherited  common  methods  of  develop- 
ment. Thus  to  embryology  we  have  looked  for  the  final  test 
as  to  the  real  affinities  of  any  given  form.  But  even  this  test  is 
sometimes  delusive,  for  selection  and  environmental  influences 
may  affect  embryonic  development,  as  they  may  affect  every 
other  character  or  instinct. 

Certain  writers  carry  this  thought  further,  and  find  no  real 
basis  for  discrimination  between  homologies  and  analogies. 
They  would  hold  that  the  progressive  inheritance  of  effects  of 
similar  environment  might  in  time  produce  forms  not  imme- 
diately related  into  a  condition  of  practical  identity  each  with 
the  other. 

Professor  Hans  Gadow  observes: 

"When  (iegenbaur  had  become  the  founder  of  modem  comparative 
anatomy  by  putting  it  on  the  basis  of  evolution,  it  became  gradually 
an  axiom  that  homologies  determined  the  degrees  of  affinity,  and  now 
in  turn  the  position  of  an  animal  in  the  system  is  ap[)ealed  to  for  de- 
termining whether  a  given  organ  is  homologous  or  only  analogous. 
It  is  a  vicious  circle.  'Only  analogous'  is  the  usual  expression.  In 
reality  these  cases  of  analogy,  honioplusy,  convergence  have  become 
of  supreme  interest  in  our  science.  Their  solution  implies  the  greatest 
of  problems,  and  it  is  only  the  thoughtless  orthodox  fanatic  who  be- 
lieves that  similarity  in  structure  must  mean  relationship.  To  him 
two  and  two  make  four,  no  matter  what  the  twos  are  composed  of." 

But  most  naturalists  believe  that  homology,  which  involves 
common  dosront,  and  analogy,  which  rests  on  similar  ex{)eri- 
ences,  are  quite  distinct  elements,  and  that  they  can  always 
be  distinguished  by  rcM'ognized  biological  tests. 

No  one  can  question  the  vast  influence  of  extrinsic  or  en- 
vironmental influen(r(»s  on  the  history  of  a  species  of  aninuil  or 
plant.  In  the  analysis  of  such  influences  we  find  a  wide  variety 
of  opinions.  According  to  some  writers,  th(»se  forces  are  dy- 
namic, shaping  the  (l(»v(»lopment  of  the  individual,  and  by 
heredity  determining  through  tlie  individual  the  future  of  the 
S{)ccics.     Dall  uses  these  striking  words: 

*'The  enviroinnent  stands  in  relation  to  the  individual  as  the  ham- 
mer and  anvil  to  the.  blacksmith's  hot  iron.  The  organism  suffers 
during  its  entires  existence  a  continuous  series  of  mechanical  ini[)acts, 
none  the  less  real  U^'ausc  invisible. " 
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Oihcn,  not  qncEtioiiiqg  the  mlitT  of  the  direct  effects  of 
cnriroiiineiital  forces  on  the  nidiTidial.  find  no  evidence  that 
these  impscts  sie  perpetuated  in  hereditv. 

Besides  direct  effects  of  these  outade  influences,  we  have  to 
eooskkr  an  infinite  variety  of  reactions,  which  these  forces  or 
impacts  may  set  up  in  the  or^pmism.  Tliese  apun  have  been 
supposed  to  be  hereditary,  for  the  species  change  mKler  them 
in  what  seems  to  be  very  much  the  same  fashion  that  the  indi- 
ridiial  does.  Use  and  disuse  in  the  species  bring  about  parallel 
results  to  those  shown  bv  use  and  disuse  in  the  individiud,  and 
are  by  some  therefore  referred  to  the  same  cause. 

B^t  again  there  is  grave  reason  to  question  the  fact  of  the 
inheritance  of  such  reactions,  and  to  doubt  whether  the  effects 
of  use  and  disuse  in  the  species  rest  on  the  same  set  of  causes  as 
the  results  of  use  and  disuse  in  the  individual. 

There  remains  the  supposition,  adopted  at  least  tentatively 
by  a  large  proportion,  probably  the  majority,  of  the  naturalists 
of  to-day,  that  the  direct  effects  of  environment,  as  well  as  tlie 
reactions  or  indirect  effects  on  the  imlividiial.  are  not  re|>eatCHl 
in  hereditv.  and  that  the  selei-tive  influence  of  envimnnieiital 
causes  is  the  measure  of  their  influence  in  the  transformation  of 
species. 

The  question  of  the  natiur  of  dynamic  forces  in  evolution  is 
one  of  the  nujst  recent  and  mo^t  interesting  phases  of  the  long- 
continued  discussion  of  the  inheritance  of  acquired  characters. 

A  vast  range  of  variations  are  ontogenetic,  or  dependent  on 
influences  affecting  directly  the  hfe  of  the  indi\'idual.  Tliese 
ontogenetic  variations  are,  strictly  s{)eaking.  individual,  ajv 
pearing  as  collective  only  when  many  individuals  have  been 
subjected  to  the  same  conditions.  They  may  be  dixided  into 
environmental  variations  and  functional  variations,  two  cate- 
gorif*s  which  cannot  always  l>e  cleariy  soparatetl,  as  variations 
due  to  food  conditions  partake  of  the  nature  of  l>oth. 

More  than  thirty  years  ago.  Dr.  J.  A.  Allen  demonstrateil 
that  climatic  influences  affect  the  avoragi*s  in  measurements  and 
in  color  among  birds.  For  example,  in  several  sj>ecies  of  birds, 
the  total  length  is  greater  in  si)eci!nons  from  the  north,  while 
the  hills  an<i  tcx^  are  actually  longer  in  southern  s|x?cimens. 
That  this  condition  is  due  to  the  influence  of  climate  on  develojv- 
nient  is  apparently  shown  by  the  fact  that  numerous  si)ecies  are 
afT<*cted  in  the  same  way.     It  is  noticed  also  tliat  specimens 
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from  the  northeast  and  the  northwest  of  the  United  States  are 
darker  in  color  than  those  from  the  interior,  and  again  that  red 
shades  are  more  common  in  the  arid  southwest.  Similar  effects 
have  been  recently  shown  by  a  study  of  species  of  wasps.  Modi- 
fications of  this  type  may  be  produced  at  will  by  subjecting 
the  larvae  and  pupse  of  certain  in- 
sects to  artificial  heat  and  cold. 
The  butterflies  of  the  glacial  regions 
and  those  developed  in  the  ice  chest 
have  a  pale  coloration,  and  a  warm 
environment  deepens  the  pigment. 
The  woodpeckers  and  other  birds  of 
the  rainy  forests,  northwest  and 
northeast,  have  always  darker  and 
more  sooty  plumage  than  those  birds 
of  the  same  type  found  in  more 
simny  regions. 

A  typical  case  is  found  in  the 
various  species  of  sticklebacks  (Fig. 
119)  constituting  the  genera  Gaster- 
osteiis  and  Pygosteus  of  the  Northern 
Temperate  Zone.  In  both  genera, 
the  marine  species  are  armed  for  the 
whole  length  of  the  body  by  a  series 
of  about  twenty  to  thirty  vertically 
oblong  enamelled  bony  j)lates. 

In  brackish  watcTS  in  Europe, 
America,  and  Asia  alike,  the  stickle- 
backs in  all  the  various  species  are 
only  partially  mailed,  having  vari- 
ously from  three  to  fifteen  bony 
plates,  these  small(T  than  in  the 
marine  forms  and  covering  only  the 

anterior  part  of  the  body.  In  these  fishes  also,  the  spines  of 
the  fins  are  less  (lcv(»l()|)cd  than  in  the  marine  forms.  In 
strictly  fresh  waters,  stickh^backs  of  various  ty|H»s  are  foimd 
entirely  destitute*  of  bony  plates.  These  unarmed  fi.shes  have 
l>een  regarded  as  distinct  s|)e('ies  and  as  di.stinct  subsj>ecies. 
At  present  they  are  usually  simply  regarded  as  variant  **  forms. '^ 
to  which  distinctive*  scie^ntific  names  need  not  be  applied.  It 
has  not  been  proved,  but  it  is  probably  a  fact,  that  the  diflfer- 


Fio.  118.—- Specimen  of  Cera' 
t'tum.  collected  (A)  out  of  the 
(iuineu  ("oa^t  .Htreoni  and  {B) 
out  of  the  South  I'kiuatorial 
Htreani;  note  the  marked  dif- 
ference in  development  of  the 
Hpine.H.  ( After  Weismann  and 
Chun.) 
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ence  is  one  due  to  the  environment  of  the  individual.  Those 
in  the  sea  find  adequate  salts  from  which  to  develop  their 
coats  of  mail.  Those  in  fresh  water  do  not  find  this,  while 
those  in  river  mouths  and  other  brackish  situations  develop 
armature  in  intermediate  d^rees.  In  the  genus  Eucalia,  a 
stickleback  confined  to  fresh  waters  of  the  Middle  Western 
States,  plates  are  never  developed. 

The  Loch  Leven  trout,  Solmo  levenensia,  is  distinguished 
from  the  brook  trout  of  England,  Salmo  eriox  (Jario),  in  its 
native  waters  by  certain  obvious  characters.  These  disappear 
when  the  ^gs  are  planted  in  brooks  in  England  or  in  California, 
and  the  species  develops  as  the  common  English  brook  trout. 
But  it  is  conceivable  that  the  obvious  or  ontogenetic  traits  of 
the  Loch  Leven  trout  are  not  the  real  or  phylogenetic  distinc- 
tions, and  that  the  latter,  more  subtle,  engendered  through  in- 
dividual variation,  inheritance,  selection,  and  isolation,  really 
exist,  although  they  have  escaped  the  attention  of  ichthy- 
ologists. 

After  the  Loch  Leven  trout  was  planted  in  the  Yosemite 
Park  in  1896,  it  remained  for  nine  years  unnoticed.  In  1 905 
individuals  sent  to  Stanford  University  were,  so  far  as  could 
be  seen,  exactly  like  English  brook  trout.  But  it  is  conceivable 
that  differences  in  food  and  water  have  caused  slight  ontogenetic 
distinctions.  It  is  certain  that  in  isolation  from  all  parent 
stocks  they  will  in  time  develop  larger  differences  which,  after 
many  thousand  generations,  will  be  specific  or  subspccific.  At 
present,  these  trout  are  quite  unlike  the  native  rainbow  trout 
(Salmo  irideus  gilberii)  of  the  Yosemite.  The  ontogenetic  char- 
acters will  perhaps  approach  those  of  the  latter,  but  the  phylo- 
genetic movement  may  be  in  cjuitc  another  direction. 

Another  ontogenetic  sjwcies  is  the  little  char  or  trout  (Sal- 
vdiniia  hides  Co[x?)  from  Unalaska.  In  Captain's  Harl)or,  Una- 
laska,  the  Dolly  Varden  trout,  Salvelinus  malma,  swarms  in 
myriads,  in  fresh  and  salt  water  alike,  reaching  in  the  sea  a 
weight  of  from  six  to  twelve  pounds.  A  little  ojwn  brook,  which 
drops  into  the  harbor  by  an  inipas.sable  waterfall,  contains  also 
an  abundance  of  Dolly  Varden  trout,  mature  at  six  inches  and 
weighing  but  a  few  ounces.  This  is  Salvelimui  Uvden.  In  the 
harbor  the  trout  are  gray  with  lighter  gray  si)ot«,  and  fins  scarcely 
rosy.  In  the  brook,  the  trout  are  steel  blue,  with  crimson  s|)ots 
and  orange  fins,  striix;d  with  white  and  black.     In  all  visible 
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phylogenetic  characters,  the  two  forms  of  trout  are  one  species. 
We  have  reason  to  believe  that  fry  from  the  bay  would  grow  up 
as  dwarfs  in  the  brook,  and  that  the  fry  from  the  brook  would  be 
gray  giants  if  developed  in  the-sea. 

But  it  is  also  supposable  that  in  the  complete  isolation  of  the 
brook  fishes,  with  free  interbreeding,  there  would  be  some  sort 
of  phylogenetic  bond.  There  may  be  a  genuine  subspecies, 
tvdea,  characterized  not  by  small  size,  slender  form,  and  bright 
colors,  but  by  other  traits,  which  no  one  has  found  because  no 
one  has  looked  deeply  enough. 

In  no  group  of  vertebrates  are  the  life  characters  more  plastic 
than  among  the  trout.  The  birds  have  traits  far  more  definitely 
fixed.  Yet  differences  in  external  conditions  must  produce  cer- 
tain results.  We  should  not  venture  to  suggest  that  the  dusky 
woodpeckers  or  chickadees  of  the  rainy  forests  of  the  northeast 
and  northwest  are  purely  ontogenetic  species  or  that  they  should 
be  erased  from  the  systematic  lists.  But  it  will  be  a  great  ad- 
vance in  ornithology  when  we  know  what  they  really  are  and 
when  we  understand  the  real  nature  of  the  small-bodied,  large- 
billed,  southern  races  of  other  species  of  birds.  It  would  be 
worth  while  to  know  if  these  are  really  ontogenetic  piu'ely,  or 
if  they  are  phylogenetic  through  "progressive  heredity,"  the 
inheritance  of  acquired  characters,  such  as  are  produced  by 
the  direct  effects  of  climate  or  as  the  reaction  from  climatic 
influences.  Or  again  may  there  be  a  real  phylogenetic  bond 
through  geographical  segregation,  its  evidences  obscured  by 
the  more  conspicuous  traits  induced  by  like  ex{X}riences?  Or 
are  there  other  influences  still  more  subtle  involved  in  the 
formation  of  isohumic  or  isothermic  subsjx^cics? 

To  sum  up,  there  is  no  convincing  evidence  that  the  direct 
influence  of  environment  is  a  factor  in  the  separation  of  s|)ecies, 
except  as  its  results  may  be  acted  uix)n  by  natural  selection. 
We  have  no  [)roof  to  show  that  the  environment  of  one  genera- 
tion determines  the  heredity  of  the  next — and  yet  perhaps 
most  naturalists  feel  that  the  effects  of  extrinsic  influences  work 
their  way  into  the  species,  although  a  mechanism  by  which 
this  might  be  accomplished  is  as  yet  unknown  to  us. 
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CHAPTER  XII 
GENERATION,   SEX  AND  ONTOGENY 

Unter  jedem  Grab  liegt  eiiie  Weltgeschichte  "  (Clerniaii  proverb). 


Each  animal,  each  plant,  must  have  its  individual  beginning, 
its  "creation/'  and  its  individual  development  from  this  begin- 
ning to  full  grown,  completely  developed  condition.  For  no 
organism  is  born  fully  developed.  Even  the  simplest  organ- 
isms, the  one-celled  kinds,  whose  '* creation*'  is  accomplished 
simply  by  the  splitting  in  two  of  a  previously  existing  individual 
of  their  kind,  are  not  produced  full-fledged.  They  have  at 
least  to  increase  from  half  size  to  full  size,  lliat  is,  to  grow,  and 
there  are  very  few  if  any  of  them  that  do  not  have  to  effect 
changes  in  their  body  structure  during  this  jxMiod  of  growth; 
that  is,  they  have  to  undergo  some  d(»vel()j>inent.  The  begin- 
ning, then,  is  always  from  a  previously  existing  organism — but 
how  could  it  alwaj/s  liave  been? — and  between  tliis  beginning 
and  the  normal  mature  or  full-flcMlgcd  creature  there  luis 
always  to  Ik*  some  develoi)m(^nt.  The  beginning  is  called 
generatwn;  the  development,  otitof/eny. 

We  are  all  so  familiar  with  the  fact  that  a  kitten  comes  into 
the  world  only  through  being  born  as  the  offs|)ring  of  parents 
of  its  kind,  that  we  shall  likely  not  a|)j)reciate  at  first  the  full 
significance  of  the  statem(»nt  that  all  life  comes  from  life;  that 
all  organisms  are  produced  by  otluT  organisms.  Nor  shall  we 
at  first  ap|)reciat(»  the  im|)ortan('e  of  th(»  statement.  This  is  a 
generaHzation  of  modern  times.  It  has  always  been  easy  to  s(»(» 
that  cats  and  horses  and  chickens  and  the  other  animals  we 
familiarly  know  giv(»  birth  to  young  or  new  animnls  of  their  own 
kind;  or,  put  conversely,  that  young  or  new  cats  and  hors(»s  and 
chick(»ns  couk*  into  existenc(»  only  as  the  offs])ring  of  parents 
of  their  kind.     And  in  these  latter  days  of  microscoi)es  and 
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■Ik,  tfe  Owk  |i^iM>|*ii.  wto  ««s  the  STCBlcat  «r  tW 
nt  BH^dM.  «ipMM  thor  b(fcCs  b  Us  baalis.  It 
«*■  not  nntfl  tiic-  mkidlt'  c(  the-  srmmmh  mUury — AiistMlp 
End  three  bondred  and  fifty  tw?  brtorv  the  Chiisttui  rfs — 
that  Ihew  htbefs  vere  utarknl  and  bc^aa  to  Iv  pvm  op.  In 
the  beginning  of  tbe  seTnit««ith  miury.  niDiam  Harvey,  an 
En^sh  natuialKt.  deHam]  that  n-rry  *iiim*l  romrs  from  an 
egg,  but  he  said  that  tbe  egg  mt^t  ~  pmrwd  fnxn  ponnts  or 
arise  ffpontaneouslr  or  out  of  polrrfartioQ-"  In  tbe  middle  of 
the  flame  century'  Rrdi  prowd  ihat  tbe  maggots  in  decaying 
meat  which  praduee  tbe  fle^  flies  develop  from  ^^  Icid  on  the 
meat  by  f1i«4  of  tbe  same  kind.  Olber  loulofn?^?  of  this  lime 
were  srtive  in  investigating  tbe  fwigin  of  new  i^di^~idlIal3.  And 
all  their  dL<imv(Ties  traded  to  weaken  the  lielief  in  the  theory' 
of  Mprjntaneoua  generation. 

Kinally,  tbe  adherents  of  this  the«r>"  were  forced  to  restrirt 
their  lielief  in  »«ponianeou.s  generation  lo  tbe  rase  of  a  few  kinds 
of  animaLi,  like  parasites  and  the  animalcules  of  stagnant  water. 
It  wan  maintained  that  parasites  arone  s|>«mlaneoiisly  from  the 
matter  of  tlie  living  animal  in  which  they  lay.  Many  parasites 
have  mi  complicated  and  extraordinan^  a  life  hist  on'  that  it  was 
only  after  long  and  careful  study  thai  the  (ruth  regarding  tbeir 
origin  was  discovered.  But  in  the  case  of  every  jiarasite  whose 
life  history  ih  known,  the  young  are  offspring  of  parents,  of 
other  ifirliviiliiabi  of  their  kinil.  No  cac^e  of  s)HJiitaneous  genera- 
tion among  parasites  is  knonii. 
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The  same  is  true  of  the  animalcules  of  stagnant  water.  K 
some  water  in  which  there  are  apparently  no  living  organisms, 
however  minute,  be  allowed  to  stand  for  a  few  days,  it  will  come 
to  be  swarming  with  microscopic  plants  and  animals.  Any 
organic  liquid,  as  a  broth  or  a  vegetable  infusion  exposed  for 
a  short  time,  becomes  foul  through  the  presence  of  innumerable 
bacteria,  infusoria,  and  other  one-celled  animals  and  plants, 
or  rather  through  the  changes  produced  by  their  life  processes. 
But  it  has  been  certainly  proved  that  these  organisms  are  not 
spontaneously  produced  by  the  water  or  organic  liquid.  A  few 
of  them  enter  the  water  from  the  air,  in  which  there  are  alwa3r8 
greater  or  less  numbers  of  spores  of  microscopic  organisms. 
These  spores  (embryo  organisms  in  the  resting  stage)  germinate 
quickly  when  they  fall  into  water  or  some  organic  liquid,  and 
the  rapid  succession  of  generations  soon  gives  rise  to  the  hosts 
of  bacteria  and  I^otozoa  which  infest  all  standing  water.  If 
all  the  active  organisms  and  inactive  spores  in  a  glass  of  water 
are  killed  by  boiling  the  water,  '' sterilizing''  it,  as  it  is  called, 
and  this  sterilized  water  or  organic  liquid  be  put  into  a  sterilized 
glass,  and  this  glass  be  so  well  closed  that  germs  or  spores  can- 
not pass  from  the  air  i^ithout  into  the  sterilized  liquid,  no  living 
animals  will  ever  appear  in  it.  It  is  now  known  that  flesh  will 
not  decay  or  licjuids  ferment  except  through  the  presence  of 
living  animals  or  plants.  To  sum  up,  we  may  say  that  we  know 
of  no  instance  of  the  8i)ontaneouH  generation  of  organisms,  and 
that  all  the  animals  whose  life  history  we  know  are  produced 
from  other  animals  of  the  same  kind.  "Omne  vivtim  ex  vivo," 
"All  life  from  life.'' 

The  method  of  simple  fission  or  splitting — binary  fission  it 
is  often  called,  because*  the  division  is  always  in  two — by  which 
the  Ixxly  of  the  [)arcnt  Ix^comes  divided  into  two  equal  parts 
— into  halves — is  tlie  simplest  method  of  multi[)lication.  Tliis 
Ls  the  usual  method  of  AmalHi  (Fig.  120)  and  of  many  other  of 
the  simplest  animals.  In  this  kind  of  reproduction  it  is  hardly 
exact  to  siHjak  of  parent  and  children.  The  children,  the  new 
AmcBbief  are  8imi)ly  the  parent  cut  into  halves.  The  parent 
persists;  it  does  not  prcMluce  offspring  and  die.  Its  whole  IkkIv 
ccmtinues  to  live.  The  n(»w  Affurhw  take  in  and  assimilate  food 
and  add  new  matter  to  the*  original  matter  of  the  parent  ImhIv; 
then  each  of  th<'ni  divides  in  two.  The  grandparent's  IkhIv  is 
now  divided  into  four  parts,  one  fourth  of  it  forming  one  half 
15 
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of  each  of  tbp  bo«lie»  of  the  foor  pnnkdrhOdm.  Tlie  process 
of  aaamilaiioD.  growth,  and  fabeequmt  dirtacm  takes  |^ce 
again  and  a^ain  and  apain.  Eacli  time  therv  is  given  to  the 
nnr  Awu^/a  an  eiTr-ksvcnine  port  oi  the  actual  body  substance 
of  the  original  ancc^or.     Thit?  an  .4ii<«zia  never  dies  a  natural 


doatli,  or,  as  lias  Iktii  said,  "no  Ani'iUi  ever  lust  an  anix^tor 
Ijy  dcatli."  It  niuy  I>e  killed  outrj^lit ,  Imt  in  tliat  case  it  leavca 
nci  dc-sMM-mlaiits.  If  it  is  not  killed  Ix'fore  it  produces  new 
Amirbif  it  never  dies,  although  it  erases  In  exist  as  a  single 
individual.  The  Amithie  and  other  simple  animals  which 
multiply  l>y  direct  binary  fission  may  l>e  said  to  Ix-  immortal, 
and  the  "immortality  of  the  I'rotozoa"  is  a  phrase  which  nil! 
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often  be  met  with  m  the  writings  of  Weismann  and  certain  other 

modern  philosophical  biologists     There  is  a  falia<.}    however 

m  the  phrasing  because 

as  a  matter  of  fact   the 

protoplasm    of    a    given 

protozoon  gradually  loses 

its  vitality  with  con 

tinued   divihion    until   it 

ultimately   is   unable   to 

divide  further  or  indeed 

to  perform  the  other  hfe 

functions    it  dies  of  old 

age 

Hardly  less  simple  is 
generation  by  budding 
which  in  its  simple  t 
character  is  the  breaking 

off    from    one    individual  p       ,   |  _stenlu   n.  r.  i      nn  h    fi»>    n 

of  a  part  smaller  than  a  (aiu  ste    ) 

half,   often,  indeed,  only 

a  very  sinali  fr^clionul   j>itrt,  which   buddeil  off  part   has  the 

rajiacity  of  growing  and  developing  into  a  new  individual  like 
its  parent. 

A  still  other 
motle  of  generaliiin 
of  simple  type  is 
tl  at  of  sporulation, 
or    vhere  the  body 

\       ^^i  '^L    i^^     **'    *""'     individual 

bd  videa     into 

n  ore     than     two 

I  a   s  (as  in  binary 

hss,  on),  these  parts, 

c    1     of    which    is 

II V  suKsplierical 

|>soidal,  niini- 

I  ig  pcrliaps 

huiuireds. 

fouml     among 


A  ciinditi'iii  kiKiwr 
rcrluin  of  tlic  i-<ituiilc\ 
sentetl  In'  individuals 


\i!*     jmrtlinwiirnrsix    h 
iiiinials.     Altlioiigh  the  species  is  reiire- 
jf  Iwth  w.\es,  the  female  can  produce 


316 


EVOLUTION  ASD  ANIMAL  LIFE 


young  from  e^a  which  have  not  been  fertilized.  For  example, 
the  queen  bee  lays  both  fertilized  and  unfertilized  ^gs.  From 
the  fertilized  eggs  hatch  the  workers,  which  are  rudimeDtary 
females,  and  other  queens,  which  arc  fully  developed  feoiales; 
from  the  unfertilized  eggs  hatch  only  males — the  drones. 
Many  generations  of  plant  lice  are  produced  each  year  parthe- 
nogenetically — that  is,  by  imfertilizcd  females.  This  subject 
nil!  be  discussed  at 
greater  lei^h  later 
in  this  chapter. 

The  modes  erf 
generation,  or  r^ 
production,  or  mul- 
tiplication, as  this 
making  the  begin- 
nings of  new  indi- 
viduals may  be 
variously  called,  so 
far  rcfcrrwi  to,  may 
be  Krou))cd  into  a 
Ciitrnorycallcd  asex- 
ual generation. 
In  nil  examination 
of  tlic  bves  of  the 
siiuiilest  and  but 
HliEhtly  complex 
kinds  of  animals  we 
find  that  even 
luiiong  almost  the 
very  simplest  of  or- 
ganisms another 
nuKle  of  reproduction  obtiiinH,  at  l<'!isl  mciisionally,  which 
demands  for  its  carrying  out  the  niuliial  anion  of  two  distinct 
imlividualtt.  The  essential  thing  in  tliis  mutual  lu-tion  is  the 
e.M'liange  of  niii'Iear  material  fmin  one  of  these  iiulividuals  to 
the  (ithcr;  with  some  of  the  simplest  urjjanisins  there  is  a  mutual 
exchange  of  nuclear  material. 

Pnnimfcciiim,  fr)r  example,  reproduces  iiself  for  many  gen- 
erations by  fission,  liiit  a  generation  finally  apjH-ai-s  in  which 
a  different  niothmi  of  n-prodnction  is  followed.  Two  individu- 
als come  together  and  each  exchanges  with  the  other  u  i«irt  of 


Ytu.  123.— <:reaHfin  ills'.    A 

Sttin);  B  an<t  C.  upcire-fi 
ridium  milormt,  from  livt 
IwrDiD.f.nnilf.nirrv 
tlHm-funiiiiit  by  Onaati 
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its  nucleus.  Then  the  two  individuals  separate  and  each 
divides  into  two.  The  result  of  this  conjugation  is  to  give  to 
the  new  ParanuBcia  produced  by  the  conjugating  individuals 
a  body  which  contains  part  of  the  body  substance  of  two  distinct 
individuals.  The  new  ParanuBcia  are  not  simply  halves  of  a 
single  parent,  they  are  parts  of  two  parents. 

Among  the  colonial  Protozoa  the  first  differentiation  of 
the  cells  or  members  composing  the  colony  is  the  differentia^- 
tion  into  two  kinds  of  reproductive  cells.  Reproduction  by 
simple  division,  without  preceding  conjugation,  can  and  does 
take  place,  to  a  certain  extent,  among  all  the  colonial  Protozoa. 
Indeed,  this  simple  method  of  multiplication,  or  some  modi- 
fication of  it,  like  budding,  persists  among  many  of  the  com^ 
plex  animals,  as  the  sponges,  the  polyps,  and  even  higher  and 
more  complex  forms.  But  such  a  method  of  single-parent 
reproduction  cannot  be  used  alone  by  a  species  for  many  gener- 
ations, and  those  animals  which  possess  the  power  of  multiplica- 
tion in  this  way  always  exhibit  also  the  other  more  complex 
kind  of  multiplication,  the  method  of  double-parent  reproduc- 
tion. Conjugation  takes  place  between  different  members  of 
a  single  colony  of  one  of  the  colonial  Protozoa,  or  between 
members  of  different  colonies  of  the  same  species.  These 
conjugating  individuals  in  the  simpler  kinds  of  colonies,  like 
Gonium,  are  similar;  in  Pandorina  they  appear  to  be  slightly 
different,  and  in  Evdorina  and  Volvox  tlie  (conjugating  cells  are 
readily  seen  to  be  very  different  from  each  other.  One  kind  of 
cell,  which  is  called  the  egg  cell,  is  largo,  spherical,  and  inactive, 
while  the  other  kind,  the  sperm  cell,  is  small,  with  ovoid  head 
and  ta{)ering  tail,  jind  fr(»e-swiniming.  In  the  simpler  colo- 
nial Protozoa  all  the  c(»lls  of  the  body  take  part  in  reproduction, 
but  in  Volvox  only  ('(»rtain  cells  perform  this  function,  and  the 
other  cells  of  the  body  die.  Or  we  may  say  that  the  body  of 
Volvox  dies  after  it  has  ])ro(luce<l  8{)ecial  reproductive  cells 
which  shall  fulfill  the  function  of  multipliration. 

I^ginning  with  the  more  complex  Vohnx^'na*,  which  we 
may  call  either  the  mo:;t  comi)lex  of  the  onc^-celled  animals  or 
the  simplest  of  the  many-celK^d  animals,  all  the  complex 
animals  show  this  distinct  differentiation  l)etween  the  repro- 
ductive cells  and  the  cells  of  the  rest  of  the  Ixxly.  Of  course, 
we  find,  as  soon  as  we  iio  up  at  all  far  in  the  scale  of  the  animal 
world,  that  there  is  a  great  deal  of  differentiation  among  the 
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crib  «rf  the  body:  the  crUs  viiidi  h*vf  to  do  vith  the  MWiniU- 
tion  of  food  are  of  one  kind ;  those  oa  wturh  depend  the  motioDS 
of  the  body  are  of  aDotber  kind :  those  which  take  mcy^m  and 
those  wliich  excrete  waste  matter  are  of  other  kinds.  Bat 
the  first  of  Ibis  cell  differentiaticm.  as  we  haw  alnadr  oAoi 
repeated.  Is  that  shown  by  the  reproductive  cells:  and  with 
the  ven-  liist  <rf'  this  different  iatiiHi  between  reproductive  cells 
and  the  otba  body  c«IU.  appeara  a  differeotistioD  of  the  re- 


fiTti'itH't ive  «-lls  iiitn  two  kinils.  These  two  kin<)::.  among  all 
aniiiiiiU.  iiTf  always  f-*.-i<-niiaIly  .-iiiiilar  to  tin'  twn  kiml^  f'hown 
liv  Vuhfii  and  the  Hni[>li>st  of  the  many^celUil  aiiimab — 
naincly.  largp.  inactive,  splierical  egg  cflU.  ami  small.  acti\-c, 
eloneatf  or  "  tailc-d  "  sixTni  cells. 

In  the  slielitly  complex  animals  one  imliviiliuil  {iroduces 
Utih  peg  cells  ami  sperm  celU.  Bin  in  the  Siphonophora,  or 
cjlonial  jellyfishf*.  rrrtain  members  of  the  colony  produce  only 
Bpenn  r-clls.  and  certain  other  memlK>is  of  ilie  colony  jwoduoe 
only  egg  cells.  If  the  Siphonn]ihnra  lie  con^^iiicre^l  an  imti- 
\idufll  organism  and  not  a  colony  ci>m|Kisc<i  of  many  individ- 
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uals,  then,  of  course,  it  is  like  the  others  of  the  slightly  com- 
plex animals  in  this  respect.     But  as  soon  as  we  rise  higher  in 


(Aflcr  llcrfurl.) 


the  scale  of  animal  life,  an  scxm  as  we  stiuly  the  more  complex 
animals,  wc  find  thut  t)ic  egg  cclla  and  Hi>crm  cells  are  almust 
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always  produced  by  different  individuals.  Those  individuals 
vhich  produce  egg  cells  are  called  female,  and  those  which 
produce  sperm  cells  are  called  male.  There  are  two  sexes. 
Hale  and  female  are  terms  usually  applied  only  to  individ- 
uals, but  it  is  evidently  fiur  to  call  the  egg  cells  the  female 
reproductive  cells,  and  the  sperm  cells  the  male  reproductive 
cdls.  A  single  individual  of  the  simpler  kinds  of  animals 
produces  both  male  and  female  cells.  But  such  an  individual 
cannot  be  said  to  be  either  male  or  female,  it  is  sexless — 
that  is,  svx  ts  some- 
thing which  appears 
only  after  a  certain 
degree  of  structural 
and  physiological 
differentiation  is 
reached.  It  is  true 
that  even  among 
many  of  the  higher 
or  coiiiplcx  animals 
certain  s)X!oics  arc 
not  represented  by 
male  and  female  in- 
dividuals, any  indi- 
vidual of  the  species 
Ix>ing  able  to  pro- 
duce both  male  and 
female  cells.  But 
this  is  the  exception. 
Among  almost  all  the  ooinplox  animals  it  is  necessary  that 
there  be  a  conjugalion  of  male  and  female  reproductive  cells 
in  order  that  a  new  individual  may  Ih;  produced.  This  neces- 
«ty  first  ap|>cars,  we  remcmln'r,  among  very  simple  animals. 
This  intermixing  of  body  substance  from  two  distinct  individuals 
and  the  development  therefrom  of  the  new  individual  is  a 
phenomenon  which  lakes  place  throutih  tlie  whole  scaUe  of 
animal  life.  Tlic  olijrct  of  tiiis  inlermixing  seems  to  be  the 
produi't ion  of  variation;  at  least  it  would  m-i-m  that  variation 
must  result  from  such  a  mcHh;  of  gencratinn.  By  having  the 
Ix'ginnin^  of  an  organism's  body,  the  KinpU'  cell  from  which 
this  whole  body  develops,  comiioscd  nf  pjiHs  of  two  different 
individuals,  a  difference  between  the  offspring  and  the  par- 


Fia.  ISO.— Conjutiation  of  IfoclUu 


wilh  ryloplamn  whiilly  FukiI  »ihI  nuclei 
t(«Flber;  C.  Ihe  two  nuck i  in  riimtr  luirio 
^nnins  uf  fintm.     (After  iKhlkswi.) 


GENERATION,  SEX  A.ND  ONTOOENV 


I  ent«,  aUliouKli  it  may  bf  slight  and  iniiMTfeplililc.  is  iii- 
j  siircd.  Hex  is  a  cnndition  of  miture  which  is  one,  at  least, 
L  of  the  causes  of  varialiim. 


I    Fio.  137.— ConiuKr 


As  we  have  seen,  almost  every  epecies  nf  animal  is  rrpre- 
BrntH  by  Iwii  kinds  of  iiidividiiak,  imiU'a  and  fenmlfs*.     In  Mie 

■  'jl    iii'ni\'  jinitiril-.  i-iii'ri:ilh'  i|.,'  -iinplcr  ones.  (Iiese  livo 


^^Hkinddof  inilividiinla  may  not  differ  in  uppearanee  or  in  at  met  tiro 
^^Kftpart  from  the  iirKariH  eoneeincd  uilh  multiplienrion.  Hnt 
^^■'With  many  aniinala  llie  ttexeu  eun  Ix^  readily  di^jtint^nishet]. 
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The  male  and  female  individuals  often  show  marked  difTerencee, 
especially  in  external  structural  characters.  We  can  readily 
teU  the  peacock,  with  its  splendidly  ornamental  tail  feathers, 
from  the  unadorned  peafowl,  or  the  homed  ram  from  the 
bleating  ewe.  There  is  here,  plainly,  a  dimorphiam — the 
existence  of  two  kinds  of  individuals  belonging  to  a  single 
species.  This  dimorphism  is  due  to  sex,  and  the  condition 
may  be  called  sex  dimorphism.  Among  some  animals  this  sex 
dimorphism,  or  difference  between  the  sexes,  is  carried  to  ex- 
traordinary extremes.     This  is  especially  true  among  poLyga- 


Fia.  120.— CtuiktrwDnn  oioth:  thi  winced 


mous  animals,  or  those  in  which  the  males  mate  with  many 
females,  and  are  forced  to  fight  for  their  possession.  The  male 
bird  of  paradise,  with  its  gorgeous  display  of  brilliantly  colored 
and  fantastically  shaped  feathers  (I'lg.  128),  seemn  a  whollj' 
different  kind  of  bird  from  the  modest  brown  female.  Tlie 
male  golden  and  silver  pheasants,  and  allie<l  species  with  their 
elaborate  [ilumage,  are  very  unlike  the  dull-ciilored  females. 
The  great,  rough,  warlike  male  fur  seal,  roaring  like  a  lion,  is 
three  times  as  large  as  the  dainty,  soft-furred  female,  which 
bleats  like  a  sliecp. 

Among  some  of  the  lower  animals  the  differences  between 
male  and  female  are  even  greater.  The  males  of  the  common 
cankerworm  moth  {l''ig.  129)  have  four  wings;  the  females  are 
wingless,  and  several  other  insect  sjK'cies  show  this  same 
difference.  Among  certain  species  of  white  ants  the  females 
grow  to  l)c  five  or  six  in<-hes  long,  while  the  males  do  not  ex- 
ceed half  an  inch  in  length.  In  the  case  tif  some  of  the  para- 
eilie  worms  which  live  in  the  Inidies  of  iilher  iuiimals  the  male 
has  an  extraordinarily  degraded,  simple  body,  much  smaller 
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than  that  of  the  female  and  differing  greatly  from  it  in  structm^. 
In  some  cases  even — as,  for  example,  the  worm  which  causes 
"gapes"  in  chickens — ^the  male  lives  parasitically  on  the  female, 
being  attached  to  her  body  for  its  whole  lifetime,  and  draw- 
ing its  nourishment  from  her  blood  (Fig.  130). 

Some  of  the  complex  animals  are  herniaphrodiiic — that  is, 
a  single  individual  produces  both  egg 
cells  and  sperm  cells.  The  tapeworm 
and  many  allied  worms  show  this  con- 
dition. This  is  the  normal  condition  for 
the  simplest  animab,  as  we  have  already 
learned,  but  it  is  an  exceptional  condition 
among  the  complex  animals. 

However  the  beginnings  of  the  new 
organisms  are  produced,  whether  asexu- 
ally  or  bisexually  (whether,  that  is,  by 
simple  division,  budding,  sporulation,  or 
as  true  but  unfertilized  eggs,  or  as  eggs 
with  a  nucleus  made  bv  the  fusion  of  two 
germinal  nuclei  from  male  and  female  in- 
dividuals respectively,  or  from  an  her- 
maphroditic individual),  this  new  organism 
in  embryo  has  a  shorter  or  longer  course 
of  development  and  growth  to  undergo, 
before  it,  in  turn,  is  in  condition  to  pro- 
duce new  individuals  of  its  kind. 

Certain  phenoniona  are  familiar  to  us 
as  recurring  inevitably  in  the  life  of  every 
animal  which  we  familiarly  know.  I^iich 
individual  is  horn  in  an  immature  or 
young  condition;  it  grows  (that  is,  it  in- 
creases in  sizr)  and  d<»veloj)S  (that  is, 
changes  more  or  loss  in  structure)  and  dies, 
occur  in  the  su('r(»ssion  of  birth,  growth,  and  development,  and 
death.  Hut  b<»for(*  any  animal  appears  to  us  as  an  independent 
individual  -that  is,  outside  the  IkkIv  of  the  mother  and  outside 
of  an  egg  (i.  o.,  before  birth  or  hatching,  as  we  are  accustomed 
to  call  such  appoaranc(») — it  has  already  imdergone  a  longer 
or  shorter  i>erio(l  of  life.  It  has  lHH»n  a  new  living  organism 
hours  or  days  or  months,  perhaps,  before  its  apj)earance  to  us. 
This  period  of  life  has  been  passed  inside  an  egg,  or  as  an  egg, 


Fig.  180.— The  panwitie 
worm.  Sj/ngamua  tntehe' 
ali»,  which  raunes  the 
IcaiM*  in  fowln.  The 
male  \n  attache<l  to 
the  female  and  lives 
as  a  paranite  (»n  her. 

These  phenomena 
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or  in  the  egg  stage,  as  it  is  variously  termed.  The  life  of  an 
antm&l  as  a  distinct  oi^anism  begins  in  an  ^g.  And  the  true 
life  cycle  of  an  organism  is  its  life  from  t^  through  birth,  growth 
and  development  and  maturity  to  the  time  it  produces  new 
organisms  in  the  condition  of  eggs.  The  life  cycle  is  from 
egg  to  efg;.  Birth  and  growth,  two  of  the  phenomena  readily 
apparent  to  us  in  the  life  of  every  animal,  are  two  phenomena 


in  the  true  life  cycle.  IVath  is  a  third  inevitalile  phenomonon 
in  the  life  of  each  iiulividual,  but  it  in  not  a  part  of  the  cycle; 
it  is  something  outside. 

The  single  coll  formed  i)y  the  fusion  of  two  germ  colls  ia 
caIlo<l  a  fertilized  egg  coll,  and  its  sulisoinicnt  (I<'volopmont 
results  in  the  formaliim  of  a  now  individual  of  the  same  spccion 
with  its  jiaronfs.  Now,  in  the  devolopnient  of  this  coll  into 
a  new  aniniiil.  food  is  necessary.  Wo  with  the  fertilized  epg 
cell  there  is,  in  the  case  of  most  aninmls  thsit  lay  eggs,  a  greater 
or  les.<(  .iinount  of  food  miitler — fciod  yolk,  it  is  called — gath- 
ered altont  the  germ  cell,  and  liiilh  germ  cell  and  food  yolk 
are  inclosoii  in  a  soft  or  hard  wall.  Tims  is  ronij>osed  the 
egg  as  wo  know  it.  The  lion's  ogg  is  as  large  as  it  is  liecanse 
of  the  great  amount  of  food  ynlk  it  contains.  The  egg  of  a 
dsh  jw  liirge  as  a  lien  is  much  smaller  than  the  lion's  egg;  it 
contains  less  food  jolk.  l^gjrs  (V'tg..  \^-2)  may  vary  also  in 
their  external  ap|)oaranee.  l)eeaiiso  of  the  riifferent  kinds  of 
membrane  or  shells  which  may  ini'loso  and  protect  thorn, 
Tlius  the  frog's  eggs  are  inclosed  in  a  thin   incnibrune  and 
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imbedded  in  a  soft,  jellylike  subetancc;  the  skate's  eg;;  has  a 
tough,  dark-brown  leathery  inclosing  wall;  the  spiral  egg  of 
the  bullhead  shark  is  leathery  and  colored  like  the  dark-olive 
seaweeds  among  which  it  lies;  and  a  bird's  egg  has  a  hard 
ahell  of  carbonate  of  lime.  But  in  each  case  there  is  the  essen- 
tial fertilized  germ  cell;  in  this  the  eggs  of  hen  and  fish  and 
butterfly  and  crayfish  and  worm  arc  alike,  however  much  they 
may  differ  in  size  and  external  appearance. 

There  is  great  variation  in  tlie  number  of  young  produced  by 
different  species  of  animola.  Among  tlic  animals  we  know 
familiarly,  as  the  mammals,  which  give  birth  to  young  alive, 


and  tlie  binls,  wliich  lay  eggs,  it  i.s  tlir  gencritl  rule  thai  but 
few  young  arc  itnxluccd  .-it  a  Uiiie,  ami  tin-  young  arc  Iwirn  or 
eggH  are  laid  only  mnv  or  j>orlui|>s  a  ffw  times  in  ii  yciir.  The 
robin  layM  five  or  six  eggs  once  or  twi<'e  a  year;  a  cow  may 
pHHlnce  a   calf  eaih   year.     Habbils  and   |>igeoiis  arc   more 
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prolific,  each  having  several  broods  a  year.  But  when  we  ob- 
serve the  multiplication  of  some  of  the  animals  whose  habits 
are  not  so  familiar  to  us,  we  find  that  the  production  of  so  few 
young  is  the  exceptional  and  not  the  usual  habit.  A  lobster 
lays  ten  thousand  eggs  at  a  time;  a  queen  bee  lays  about  five 

million  eggs  in  her  life  of  four  or  five  years. 
A  female  tennite  of  a  certain  species,  after  it  is 
full  grown,  does  nothing  but  lie  in  a  cell  and 
lay  eggs,  producing  eighty  thousand  eggs  a  day 
steadily  for  several  months.  A  large  codfish 
was  found  on  dissection  to  contain  about  eight 
miUion  eggs. 

If  we  search  for  some  reason  for  this  great 
difference  in  fertiHty  among  different  animals, 
we  may  find  a  promising  clew  by  attending 
to  the  duration  of  Hfe  of  animals,  and  to  the 
amount  of  care  for  the  young  exercised  by 
the  parents.  We  find  it  to  ])e  the  general  rule 
that  animals  wliich  live  many  years,  and  wliich 
take  care  of  tlieir  young,  produce  but  few 
young;  while  animals  which  live  but  a  short 
time,  and  which  do  not  care  for  their  young, 
are  very  i)rolific.  The  codfish  produces  its  mil- 
lions of  vgii,s;  thousands  are  eaten  by  scul])ins 
and  otlier  i)re(latory  fishes  before  they  aro 
hatched,  and  other  thousands  of  the  defense- 
less young  fish  are  eaten  long  before  attaining 
maturity.  Of  the  great  number  produced  by 
the  parent,  a  f(»w  only  reach  maturity  and 
produce  new  young.  I^ut  the  eggs  of  the 
robin  are  hatched  and  protected,  and  the  help- 
less fledglings  are  fed  and  cared  for  until  able 
to  c()]>e  with  their  natural  enemies.  In  the 
next  vear  another  brood  is  carefullv  reared,  and  so  on  for  the 
few  years  of  the  robin's  life. 

lender  normal  conditions  in  any  given  locality  the  numl)er 
of  individuals  of  a  certain  speci(\s  of  animal  remains  about  the 
same.  The  fish  which  produces  t(»ns  of  thousands  of  eggs 
and  the  bird  which  j)r()duces  half  a  dozen  v<i^i^  a  year  main- 
tain ecpially  wc^ll  their  numbers.  In  one  case  a  few  survive 
of  many  born;  in  the  other  many  (relatively)  survive  of  the  few 


Fi(».  133.— EgKs 
of  lace-winge*l 
fly,  Chry»tjta. 
The  egKs  are 
fastened  scfia- 
ratrly,  f«jr  pro- 
tection from 
pre<lace<ms  in- 
Hcctfl,  on  the 
tip8  of  erect 
nlender  pe<Ii- 
cles. 
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bora;  in  both  cases  the  spedes  is  effectively  maintMned.  In 
general,  no  agency  for  the  perpetuation  of  the  species  is  so 
effective  as  that  of  care  for  the  young. 

Some  animals  do  not  lay  ^gs,  that  is,  they  do  not  deposit 
the  fertilized  ^g  cell  outside  of  the  body,  but  ^ow  the  develop- 
ment of  the  new  individual  to  go  on  inside  the  body  of  the 
mother  for  a  longer  or  shorter  period.  The  mammals  and 
some  other  animals  have  this  habit.  When  such  an  animal 
issues  from  the  body  of  the  mother,  it  is  said  to  be  bom.  When 
the  developing  ani- 
mal issues  from  on 
egg  which  has  been 
deposited  outside 
the  body  of  the 
mother,  it  is  said 
to  hatch.  The  ani- 
mal at  birth  or  at 
time  of  hatching  is 
not  yet  fully  devel- 
oped. Only  part 
of  its  development 
or  period  of  im- 
maturity is  pasMvl 
within  the  rpg  or 
nHthin  the  Ixxly  of 
the  mother.  Tliat 
part  of  its  life  thus 
passed  within  the 
qjig  or  mother's  Ixxly  is  called  the  embryonic  life  or  embryonic 
stAgea  of  developmrnt;  while  that  period  of  development  or 
immaturity  from  the  time  of  birth  or  hateliing  until  maturity 
is  reached  is  culled  the  i>08t embryonic  life  or  postembryonic 
stages  of  (level) )i»ment, 

Tlio  embryonic  dovHopment  is  from  the  lieginning  up  to  a 
certain  intint  pnuticjilly  alike,  lixiked  at  in  its  larger  aspect, 
for  all  the  manv-cclli'd  animals.  That  is,  there  are  certain 
principal  or  rnnsliuil  cluiriirteristics  of  the  Ix'giniiing  develop- 
ment which  an'  pn-sent  in  the  development  of  all  many-celled 
aiiimaU.  The  first  stuge  or  phenomenon  of  development  is 
the  simple  fission  of  the  Rerm  cell  into  halves  (Kig.  134h).  These 
two  daughter  cells  next  divide  bo  that  there  arc  four  cells 


;  A^  lUlnilA  completed  — 
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(c) ;  each  of  these  divides,  and  this  di\'ision  is  repeated  until  a 
greater  or  lesser  number  (varying  with  the  various  species  or 
groups  of  animals)  of  cells  is  produced.  These  cells  may  not 
all  be  of  the  same  size,  but  in  many  cases  they  are,  no  struc- 
tural differentiation  whatever  being  apparent  among  them. 

The  phenomenon  of  repeated  division  of  the  germ  cell  is 
called  cleavage^  and  this  cleavage  is  the  first  stage  of  develop- 
ment in  the  case  of  all  many-celled  animals.  The  germ  or  embr>'o 
in  some  animals  consists  now  of  a  mass  of  few  or  many  undif- 
ferentiated primitive  cells  lying  together  and  usually  forming  a 
sphere  (Fig.  1«34,  c),  or  perhaps  separated  and  scattered  through 
the  food  yolk  of  the  egg.  The  next  stage  of  development  is 
this:  the  cleavage  cells  arrange  themselves  so  as  to  form  a 
usually  hollow  sphere  or  ball,  the  cells  lying  side  by  side  to 
form  the  outer  circumferential  wall  of  this  hollow  sphere  (/). 
This  is  called  the  blastxda  or  blastoderm  stage  of  development, 
and  the  embryo  itself  is  called  the  blastula  or  blastoderm. 
This  stage  also  is  common  to  all  the  many-celled  animals. 
The  next  sta^e  in  cinl:)ryonic  devclopm(»nt  is  formed  by  the 
l^ending  inward  of  a  ]mrt  of  t  ho  blastoderm  cell  layer,  as  shown 
in  {g)  (or  the  spHttinii:  off  inwardly  of  colls  from  a  special  part 
of  the  blastula  coll  hiy(T).  This  Inrndinp;  in  may  produce  a 
small  (loprossion  or  groove;  but  whatever  the  shape  or  extent 
of  the  sunkon-in  part  of  tho  blastoderm,  it  results  in  distinguish- 
ing the  blastoderm  layer  into  two  j)arts,  a  sunkon-in  or  inner 
Ix)rtion  called  tho  endohlast  and  tho  otluT  unmodified  |x>rtion 
calhnl  tlie  ectohhsL  Emlo-  moans  within,  and  the  colls  of  the 
endobliist  often  push  so  far  into  the  original  blastoderm  cavity 
as  to  come  into  contact  with  tho  colls  of  tho  ectoblast  and 
thus  oblitorato  this  cavity  Qi),  This  third  well-marked  stage 
in  the  onibryoiiic  (lovelo])mont  is  called  the  gastrnla  stage,  and 
it  also  occurs  in  the  d(»volopinent  of  all  or  nearly  all  many- 
coIIcmI  aiiiniuls. 

In  tlu»  cjuso  of  a  few  of  the  simple  many-colled  animals  the 
embryo  hatches — that  is,  issues  from  tho  ogg  at  the  time  of 
or  vcTV  soon  after  n^aching  the  gixstrula  stage.  In  the  liigher 
animals,  however,  dovolopmont  gc)(\s  on  within  the  egg  or 
within  tho  bodv  of  tho  mother  until  tho  onibrvo  l>ocomes  a 
complex  body,  comi>oso(l  of  many  various  tissues  and  organs. 
Almost  all  tlio  dovolopmoni  may  tak(»  place  within  the  egg, 
so  that  when  the  young  animal    hatchos  there  is  necessary 
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little  more  than  a  rapid  growth  and  increase  of  size  to  make 
it  a  fully  develojied,  matm*e  animal.  This  is  the  case  with 
the  birds:  a  chicken  just  hatched  has  most  of  the  tissues  and 
organs  of  a  full-grown  fowl,  and  is  simply  a  little  hen.  But  in 
the  case  of  other  animals  the  young  hatches  from  the  egg 
before  it  has  reached  such  an  advanced  stage  of  development ; 
a  young  starfish  or  young  crab  or  young  honeybee  just  hatched 
looks  very  different  from  its  parent.  It  has  yet  a  great  deal 
of  development  to  undergo  before  it  reaches  the  structural 
condition  of  a  fully  developed  and  fully  grown  starfish  or  crab 
or  bee.  Thus  the  development  of  some  animals  is  almost 
wholly  embryonic  development — that  is,  development  within 
the  egg  or  in  the  body  of  the  mother — while  the  cl(»v<»lopment 
of  other  animals  is  largely  jX)stembryonic,  or  larval  (lev(»h)p- 
ment,  as  it  is  often  called.  There  is  no  imiK)rtant  ciiflference 
between  embryonic  and  post  embryonic  development.  The 
development  is  continuous  from  egg  cell  to  mature  animal, 
and  whether  inside  or  outside  of  an  egg  it  goes  on  regularly 
and  uninterruptedly. 

The  cells  which  comjx^se  the  embryo  in  the  cleavage  stage 
and  blastoderm  staji:(\  and  evcm  in  tlie  gastrula  stage,  are  a]>- 
parently  all  similar;  tluTc*  is  little  or  no  (lifTcTciitiation  shown 
am(mg  them.  Hut  from  the  gastnila  sta^(»  on.  dcvc^lopniont 
includ(*s  three  ini])(>rtant  tliinj^s:  the  gradual  difTen^ntiation  of 
cells  into  various  kinds  to  form  the  various  kinds  of  animal 
tissues;  the  arran^(Mn(Mit  and  grouping  of  these  e(»lls  into  organs 
and  body  ])arts;  and  finally  the  develo])ing  of  these  organs  and 
body  parts  into  the  sjx'cial  condition  eharact eristic  of  th(»  s]M»eies 
of  animal  to  which  the  developing  individual  belongs.  From 
the  primitive  undifferentiated  cells  of  tlu»  blastoderm,  develoj)- 
ment  leads  to  the  sjxM'ial  cell  tyjK's  of  nuisch*  tissue,  of  lM)n(» 
ti.ssue,  of  nerv(»  tissue;  and  from  the  g(»n(»rali/ed  condition  of 
the  embryo  in  its  (»arly  stages,  (lev(»loi)nient  leads  to  the  s|K»cial- 
ized  condition  of  th(»  body  of  the  adult  animal.  Development 
is  from  the  general  to  the  special,  as  was  said  velars  ago  by 
von  Baer,  the*  first  great  student  of  (leveloi)inent. 

A  starfish,  a  beetle,  a  dove*,  and  a  horse  are  all  alike  in 
their  beginning  that  is,  lh(»  body  of  each  is  conii>os(Hl  of  a 
singh'  cell,  a  single*  structural  unit.  And  they  are  all  alike,  or 
very  nnich  alike,  through  several  stages  of  develoi)ment ;  the 
body  of  each  is  first  a  single  c(»ll,  then  a  number  of  similar  un- 
10 
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differentiated  cells,  and  then  a  blastoderm  consisting  of  a  single 
layer  of  similar  undifferentiated  cells.  But  soon  in  the  course 
of  development  the  embryos  begin  to  differ,  and  as  the  young 
animals  get  further  and  further  along  in  the  course  of  their 
development,  they  become  more  and  more  different  until 
each  finally  reaches  its  fully  developed  mature  form,  showing 
all  the  great  structural  differences  between  the  starfish  and 
the  dove,  the  beetle  and  the  horse.  That  is,  all  animals  begin 
development  apparently  alike,  but  gradually  diverge  from  each 
other  during  the  course  of  development. 

There  are  some  extremely  interesting  and  significant  things 
about  this  divergence  to  which  attention  should  be  given. 
While  all  animals  are  apparently  alike  structurally  ^  at  the 
beginning  of  development,  so  far  as  we  can  see,  they  do  not 
all  differ  noticeably  at  the  time  of  the  first  divergence  in  de- 
velopment. The  first  divergence  in  development  is  to  be 
noted  between  two  kinds  of  animals  which  belong  to  different 
great  grou|)s  or  classes.  But  two  animals  of  different  kinds, 
both  l)eIonging  to  some  one  great  group,  do  not  show  differences 
until  later  in  their  development.  This  can  l)est  l>e  understooil 
by  an  examj)l(».  All  the  butterflies  and  bt^etles  and  grass- 
hoppers and  flies  b(»l<)ng  to  the  great  group  or  class  of  animals 
called  Insecta,  or  insects.  There  are  many  difTcTent  kinds  of 
insects,  and  thc^se  kinds  can  be  arranged  in  subordinate  groujjs 
(orders) ,  such  as  the  Diptera,  or  flies,  the  Lepidoptera,  or  butter- 
flies and  moths,  and  so  on.  Hut  all  have  certain  structural 
cliaracteristics  in  common,  so  that  they  are  comprised  in  one 
great  class — the  Insecta.  Another  great  group  of  animals  is 
known  as  the  Vertebrata,  or  backboned  animals.     The  class 


*  Wft  can  8iiy  that  they  are  alike  stnictiinilly,  only  when  we  consider 
the  cell  a.s  the  unit  of  animal  stnicture.  Hut,  that  the  egp  c(»ll«  of  different 
animalM  diflfer  in  their  fine  or  ultimate  structure,  8i»ems  certain.  For  each 
one  of  these  egg  cells  is  destintHl  to  become  some  one  kind  of  animal,  and 
no  other;  each  is,  indeed,  an  individual  in  simplest,  least  developed  con- 
dition of  some  one  kind  of  animal,  and  we  must  U'lieve  that  difTerenco  in 
kind  of  animals  depends  upon  difference  in  structure  in  the  egg  itself. 
Indetni  Wilson,  the  foremost  American  student  of  egg  structure,  'bolievinj 
hims(*lf  a  hie  to  pereeive  in  many  eggs  a  stnictural  differentiation  within 
the  egg  protopla.'«m  its«>lf,  corn»sponding,  in  some  measure,  with  the  stnic- 
tural differentiation  of  the  embryonic  animal  as  revealed  in  early  develop- 
mental stages. 
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Vertebrata  includes  the  fishes^  the  batraehians,  the  reptiles, 
the  birds,  and  the  mammals,  each  composing  a  subordinate 
group,  but  all  characterized  by  the  possession  of  a  backbone, 
or,  more  accurately  speaking,  of  a  notochord,  a  backbonelike 
structure.  Now,  an  insect  and  a  vertebrate  diverge  very 
soon  in  their  development  from  each  other;  but  two  insects, 
such  as  a  beetle  and  a  honeybee,  or  any  two  vertebrates,  such 
as  a  frog  and  a  pigeon,  do  not  diverge  from  each  other  so  soon. 
That  is,  all  vertebrate  animals  diverge  in  one  direction  from 
the  other  great  grou]>s,  but  all  the  members  of  the  great  group 
keep  together  for  some  time  longer.  Then  the  subordinate 
groups  of  the  Vertebrata,  such  as  the  fishes,  the  l)irds,  and  the 
others,  diverge,  and  still  later  the  different  kinds  of  animals 
in  each  of  these  groujw  diverge  from  each  other. 

That  the  course  of  development  of  any  animal  from  its 
beginning  to  fully  develoixHl  adult  form  is — in  all  its  essentials 
— fixed  and  certain  is  readily  seen.  All  rabbits  develop  in 
the  same  way;  every  grasshopper  goes  through  the  same  de- 
velopmental changes  from  single  egg  cell  to  the  full-grown, 
active  hopper  as  every  other  grasshopper  of  the  same  kind — 
that  is,  development  takes  place  according  to  certain  natural 
laws:  the  laws  of  animal  development.  These  laws  may  be 
rouglily  stated  as  follows:  All  many-cellcKl  animals  begin  life 
as  a  single  cell,  the  fertilized  egg  cell;  each  animal  goes  through 
a  certain  orderly  series  of  developmental  changes  which,  ac- 
companied by  growth,  leads  the  animal  to  change  from  single 
cell  to  the  many-celled,  complex  form  characteristic  of  the 
six*cies  to  which  the  animal  l>elongs;  this  development  is  from 
simple  to  complex  structural  condition;  the  development  is 
the  sjime  for  all  individuals  of  one  si>ecies.  While  all  animals 
lx*gin  development  similarly,  the  course  of  development  in 
tlie  different  groups  soon  diverges,  the  divergence  lx*ing  of  the 
nature  of  a  branching,  like  that  shown  in  the  growth  of  a  tree. 
In  the  free  tips  of  the  smallest  hranclu^s  we  have  represented 
the  various  species  of  animals  in  their  fully  develo|x»d  con- 
dition, all  standing  more  or  l<»ss  clearly  apart  from  each  other. 
But  in  tracing  back  the  development  of  any  kind  of  animal 
we  soon  come  to  a  i>oint  where  it  very  much  resembles  or 
lx»comes  apparently  i(l(»ntical  with  the  development  of  some 
other  kind  of  animal,  and,  in  addition,  the  stages  fmssed  through 
in  the  development  ul  course  may  very  much  resemble  the 
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fuDy  developed,  mature  stm^ps  of  lower  mniinAk.  To  be  sure, 
any  animal  at  anv  stage  in  its  existence  differs  afaeolutchr  from 
any  other  kind  of  animal,  in  that  it  can  develop  into  only  its 
own  land  of  animal  There  is  something  inherent  in  each 
devdoping  animal  that  gives  it  an  identity  of  its  own.  Al- 
thoqgfa  in  its  young  stages  it  may  be  haidly  distingiushaUe 
from  some  other  kind  of  animal  in  amilar  stages,  it  b  sure  to 
come  out.  when  fully  developed,  an  individual  of  the  same 
kind  as  its  parents  were  or  are.  A  very  young  fish  and  a  very 
young  salamander  are  almost  indistinguishably  alike,  but  one 
is  sure  to  develop  into  a  fish  and  the  othn-  into  a  salamander. 
This  oertaintv  of  an  embrvo  to  become  an  individual  of  a 
certain  kind  is  called  the  law  of  heredity.  Viewed  in  the  light 
of  development,  there  must  be  as  great  a  difference  between 
one  egg  and  another  as  between  one  animal  and  another,  for 
the  greater  difference  is  included  in  the  less. 

The  significance  of   the  developmental   phenomena   is  a 
matter  about  which  naturalists  have  vet  verv  much  to  learn. 


Fio.  I'iTt.     Stnffpf*  in  th«»  <lpvHopmrnt  nf  th«»  prawn.  Prnetm  p<>timirium:   A,  Naupliun 
larva;  li.  Iir.-*t  »rK'a  NtuRp;  C,  aectnui  ztti'Vi  hta^e.     (After  Fht»  Miiller.) 


It  is  lM»licvo(l,  howovor,  by  practically  all  naturalists  that  many 
of  tin*  various  stap:(\s  in  tlio  dovolopniont  of  an  animal  cor- 
respond to  or  r(»|>oat,  in  many  fundamental  features  at  least, 
the  structural  c(mdition  of  the  animal's  ancestors.  Naturalists 
lM»lii»v(»  that  all  backboned  or  vertebrate  animals  are  related 
to  each  ot  her  through  Innng  descended  from  a  common  ancoator, 
the  first  or  oldest  backlxmed  aninu-l.     In  fact,  it  is  because  all 
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these  backboned  ^nitnala  —  the  fishee,  the  batrachi&ns,  the 
reptilea,  the  birds,  and  the  rntunmalH — have  descended  from 
a  common  anoeetor  that  they  all  have  a  backbone.  It  is 
believed  that  the  descendants  of  the  first  backboned  animal 
have  in  the  course  of  many  generations  branched  off  little  by 
little  from  the  original  type  until  there  came  to  exist  veiy 
real  and  obvious  differences  among  the  backboned  animals — 


palmirium :  D,  VyinB 


differenres  which  among  Hie  living  bnikhoned  animals  are 
familiar  t«  all  of  us.  The  course  of  development  of  an  in- 
dividual uninml  is  liclicvc)!  to  be  a  very  rapid  and  evidently 
much  cnndoiiscd  aiul  changed  recapitulation  of  the  history 
which  the  siwcicH  or  kind  of  animal  to  whicli  the  developing  in- 
dividual belongs  ban  ptiHsetl  tlirough  in  the  oourae  of  it»  descent 
through  a  long  series  of  gradually  changing  ancestors.  If  this  is 
true,  then  we  can  readily  luulerxtund  why  a  fish  an<l  a  salaman- 
der, a  tortoise,  a  bird  anil  a  rabbit,  arc  all  much  alike,  as  tliey 
really  are,  in  tln-ir  curlier  stages  of  development,  and  gradually 
rome  to  diffi-r  more  and  more  ax  tliey  |>ass  through  later  and 
later  dcveh>pnK-iitul  .stages.     \  4-rab  has  a  tail  in  one  of  its 
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developmental  stages,  so  that  at  that  time  it  looks  like  and 
really  is  like  tlie  mature  stage  of  some  tailed  crustacean  like 
a  crayfish.  A  barnacle,  which  looks  little  like  a  crayfish  or 
crab  in  its  mature  stage,  is  hardly  to  be  distinguished  in  its 
immature  life  from  a  young  crab  or  lobster.  Sacctdina^  which 
is  a  still  more  degenerate  crustacean,  is  only  a  sort  of  feeding 
sac  with  rootletlike  processes  projecting  into  the  body  of  the 
host  crab  on  which  it  lives  as  a  parasite,  but  the  young  free- 
swimming  SacciUina  is  essentially 
like  a  barnacle,  crayfish,  or  crab 
in  its  young  stage. 

However,  it  is  obvious  that 
this  recapitulation  or  repetition 
of  ancestral  stages  is  never  per- 
fect, and  it  is  often  so  obscured 
and  modified  by  interpolated 
adaptive  stages  and  characters 
that  but  little  of  an  animal's 
ancestry  can  he  learned  from  a 
scrutiny  of  its  development. 
The  fascinating  biogenetic  law 
of  MiilhT  anti  Haeckel  summed 
up  in  the  phrase,  "ontogeny  is 
a  recapitulation  of  ])hylogeny/' 
must  not  bo  too  heavily  leaned 
on  as  a  support  for  any  sjx^cula- 
tions  as  to  the  })hyletic  affinities  of  any  species  or  group  of 
species  of  organisms.  "  Enihryolop;y  is  an  anci(»nt  manuscript 
with  many  of  the  shoots  lost,  others  displaced,  and  with 
spurious  passages  inter j)olate(l  by  a  later  hand/' 

While  a  young  robin  when  it  hatch(»s  from  the  egg  or  a 
young  kitten  at  birth  n^somhh^  its  parents,  a  young  starfish 
or  a  young  crab  or  a  young  butt(Tfiy  wlwu  hatched  does  not 
at  all  resonihle  its  parents.  And  while  tho  young  robin  after 
hatching  hocomos  a  fully  grown  rol)in  simply  by  growing  larger 
and  undergoing  comparatively  slight  (h^volopmontal  changes, 
the  young  starfish  or  young  butterfly  not  only  grows  larger, 
but  undergoes  some  very  striking  developmental  changes;  the 
body  changes  very  much  in  api)earance.  Marked  changes  in 
the  body  of  an  animal  during  post  embryonic  or  larval  de- 
velopment constitute  what  is  called  mciamorphic  development, 


Fio.  137. —  Metamori>ho8is  of  a  bar- 
nacle, Lepaa:  a.  Larva;  b,  adult. 
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or  the  animal  is  said  to  undergo  or  to  show  metamarjjkosis  in 
its  development. 

Tliis  mclaniorphnsiH  is  familiar  to  aU  in  insects;  to  zoOloffists, 
it  is  familiar  among  numerous  other  kinds  of  animals.     Fig,  I3S 


■  BhowB  the  different  slagea  in  the  mctiiiiiorphie  development 
I  of  the  common  larRe  rod-brown  milkweed  butterfly,  Anunia 
I  j)Uxippti».  From  the  eja;  hutches  a  crawliim,  wormliko  larva, 
rwinglen,  without  comt>ound  eyes,  and  with  strong  jaws  and 
■^her  mouth  parts  fitKii  for  biting.  This  creature  develci[w 
Vinto  the  wingeii  Initterfly  with  different  eyes*,  diffon-nt  antenmr, 
I'diffwent  mouth  parts,  dilTcrfnt  almost  everything.  And,  by 
lithe  intervention  of  a  curious  quiesecnt  stage  calWl  the  pupal 
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or  chryaabd  stage  the  changes  Bpem  tn  bo  niado  by  siiddwi 
leajtB  Of  couFHo  this  la  not  at)  It  is  all  done  gradually, 
although  Ihcre  are  certain  penoda  in  ihe  course  of  Ihe  devekiji- 
ment  wlien  the  clianging  la  more  rapid  and  radical  than  at 
other  times  The  changing  is  masked  bv  the  outer  covering 
of  la^^a  and  pupa  and  althougli  it  la  mdeed  atartlitiglv  radical 
m  ita  character  it  ib  wholly  continuous 

The  metamorphoaia  of  frogs  and   toads  also  is  familiar. 


The  eggh  of  the  toai  are  arrangoH  in  long  atnnj^s  or  ribbons 
in  a  tran  parent  jellylike  snbalance  These  jellv  ribbons 
with  the  small  black  bcidbke  eggs  m  tlieni  are  uoiind  around 
the  stems  of  submerged  plants  or  sticks  near  the  aborea  of 
the  pond  From  each  egg  hatches  a  |]n\  wriggling  tad- 
pole differing  nearly  as  much  from  a  full  grown  toad  as  a 
caterpillar  ditTers  from  a  biitterflj.  The  tadpoles  feed  on  the 
microscopic  plants  to  be  found  in  the  water,  and  swim  easily 
aliout  by  means  of  their  long  tails.  The  very  young  tadpoles 
remain  underneath  the  surface  of  the  water  all  the  time,  breath- 
ing the  air,  which  is  mixed  with  the  water,  by  means  of  gills. 
But  as  they  become  older  and  larger  Ihey  come  oft<-n  to  the 
surface  of  the  water.  Lungs  are  developing  inside  the  body, 
and  the  tadpole  is  beginning  to  breathe  as  a  land  animal, 
although  it  still  breathes  partly  by  means  of  gills,  that  is,  as 
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an  aqiialir  animal.  Rood  it  is  apparent  that  although  the 
tadpole  is  steadily  and  rapidly  growing  larger,  ita  tail  is  grow- 
ing shorter  and  siuallcr  instead  of  longer  and  larger.  At  the 
same  time,  fore  and  hind  legs  bnd  out  and  rapidly  take  form 
and  benjme  functional.  Hy  the  lime  that  the  tail  gets  very 
sliort  indeed,  tlje  young  toa<l  is  ready  lo  leave  the  water  and 
live  as  a  land  animal.  On  land  the  toad  lives,  as  we  know, 
on  insecta  and  snails  and  worms.  The  metamorphosis  of  the 
toad  is  not  ho  striking  as  that  of  the  butterfly,  but  if  the  tad- 
pole V!en  inclosed  in  an  unchanging  opaque  Imdy  wall  while 
it  was  losing  its  tail  and  getting  its  legs,  and  this  wall  were 
lo  be  shed  after  theae  changes  were  made,  would  not  the  rneta- 
I  morphoiiis  be  nearly  as  extraordinary  as  in  the  case  of  the 
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■:  Hul  ufL  Ulu  bvik.  liui  blult  (ijiblA.     CPartiy  aft«T  CiAgc.) 


'  butterfly?     But  in  the  metamorphosis  of  the  toad  we  can  see 
the  gradual  and  i-ontiniions  diaracter  of  the  change. 

Many  other  animals,  Ixsides  insecta  and  frogs  and  toads, 
undergo  itielamorph'wis.  The  juat-hatchetl  sea  urchin  docs 
not  resemble  a  fully  develojied  sea  urchin  at  all.     It  ia  a  minute 
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wormlike  creature,  proAided  with  cilia  or  vibratile  hairs,  by 
means  of  which  it  s\«ims  freely  about.  It  changes  next  into 
a  curious  bootjack-shaped  body  called  the  pluteus  stage.  In 
the  pluteus  a  skeleton  of  lime  is  formed,  and  the  final  true  sea- 
urchin  body  begins  to  appear  inside  the  pluteus,  developing 
and  growing  by  using  up  the  body  substance  of  the  {duteus. 
Starfishes,  which  are  closely  related  to  sea  urchins,  show  a 

similar  metamorphosis, 
except  that  there  is  no 
pluteus  stage,  the  true 
starfish-shaped  body 
forming  within  and  at 
the  expense  of  the  first 
larval  stage,  the  ciliated 
free^swimming  stage. 

A  young  crab  just 
issued  from  the  egg 
(Fig.  141)  is  a  very 
different  appearing 
creature  from  the  adult 
or  fully  developed  crab. 
The  IxkIv  of  the  crab 
in  its  first  larval  stage 
is  eom})ose<l  of  a  short, 
globular  i)ortion,  fur- 
nished with  conspicuous 
long  spines  and  a  rela- 
tively long,  jointed  tail. 
This  is  called  the  zoea 
stage.  The  zoea  changes  into  a  sta^e  called  the  megalops, 
which  has  iniiny  characteristics  of  th(»  adult  crab  condition, 
but  differs  esj)ecially  from  it  in  the  j)ossossion  of  a  long,  seg- 
ment e<l  tail,  and  in  having  the  front  half  of  the  body  longer 
than  wide.  The  crab  in  the  megalops  stage  looks  very  much 
like  a  tiny  lobster  or  shrimp.  The  tail  soon  disappears  and 
the  Ixxly  widens,  and  th(»  final  stage  is  reached. 

In  many  families  of  fishes  the  changcvs  which  take  place  in 
the  course*  of  the  life  cycle  are  almost  as  gri^at  as  in  tlie  case 
of  the  insect  or  the  toad.  In  the  ladyii^h  (Alhiila  viiljx's)  the 
very  young  are  ribbonlike  in  form,  with  small  heads  and  very 
loose  texture  of  the  tissues,  the  body  substance  IxMUg  jelly- 


Fia.  141. — Metamon>lioHi8  of  a  crah :   a.  The  utiki 
HtaRc;  h,  the  megaltips;  c,  the  adult. 
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like  and  transparent.  As  the  fish  grows  older  the  body  oeoomes 
more  compact,  and  therefore  shorter  and  slimmer.  After 
shrinking  to  the  texture  of  an  ordinary  fish,  its  growth  in  size 
begins  normally,  although  it  has  all  the  time  steadily  increased 
in  actual  weight.  Many  herring,  eels,  and  other  soft-bodied 
fishes  pass  through  stages  similar  to  those  seen  in  the  ladyfish. 
Another  type  of  development  is  illustrated  in  the  swordfish. 
The  young  has  a  bony  head,  bristling  with  spines.  As  it 
grows  older  the  spines  disappear,  the  skin  grows  smoother,  and, 
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Fia.  142. — Three  Htaxes  in  tiin  dcvelopinent  of  the  nwonltiHh,  Xiphiaa  giadiuM:  a.  Very 

younK;  h,  older;  r,  mlult.    (After  I.iitken.) 


finally,  the  Ixmos  of  the  upper  jaw  grow  togother,  forming  a 
prolonged  sword,  the  t(»(»t]i  iiro  lost  and  the  fins  l)ocomo  greatly 
m(Klifie<I.  Fig.  142  shows  threo  of  th(\se  stag<»s  of  growth.  The 
flounder  or  flatfish  (Fig.  14.S)  when  full  grown  lies  flat  on  one 
side  when  swimming  or  when  nesting  in  the  sand  on  the  lM)ttom 
of  the  sea.  Tlie  eyes  are  both  on  the  up|)er  side  of  the  Ixxly, 
and  the  Iowct  si(h»  is  l)nnd  and  colorless.  Wlien  the  floimder 
is  hatehe<l  it  is  a  transparent  fish,  broad  and  flat,  swimming 
vortieallv  in  th(»  water,  with  an  eve  on  eaeh  side.  As  its  de- 
velopment  go(»s  on  it  rests  itself  ol)liquely  on  the  l)ottom,  the 
eye  of  th(»  Iow<t  side  turns  upward,  and  as  growth  proceeds  it 
passes  gra<lually  around  the  forehead,  its  socket  moving  with 
it,  until  both  eyes  and  sockets  are  transferred  by  the  twisting 
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of  the  BkuU  to  the  upper  side.  In  some  related  forms,  called 
soles,  the  small  eye  passes  through  the  head  and  not  around 
it,  appearing  finally  in  the  same  socket  with  the  other  eye. 

Thus  in  almost  all  the  great  groups  of  animals  we  find 
certain  kinds  which  show  metamorphosis  in  their  poetem- 
bryonic  development.  But  metamorphoaia  ia  simply  develop- 
ment; itfl  striking  and  extraordinary  features  are  usually  due 
to  the  fact  that  the  orderly,  gradual  course  of  the  development 
is  revealed  to  us  only  occasionally,  with  the  result  of  giving 


the  iniproswion  fliat  tlio  th'vclojHiiciit  is  proccpiliiig  l>y  leaps  and 
hoitnils  friiiii  one  straiigr  stage  t(i  anotlier.  If  nietamorphosiH 
IH  carefully  shiiiied  It  Insert  its  as|)eit  of  nuirvcl,  although  never 
its  great  imprest. 

After  an  animal  has  roni|tletfil  its  ilevclopniont  it  has  hut 
one  thing  to  do  to  eompli'te  its  life  cycle,  and  that  is  the  pro- 
duction (if  offspring.  When  it  lias  hiid  e^gs  or  given  birth  to 
young,  It  lias  insured  the  Ix'ginning  of  a  new  life  eyele.  Does 
it  now  die?  Is  the  busineMs  of  its  life  ace(ini|ilislied?  There  are 
many  uniniabt  which  die  inunetliately  or  very  soon  after  laying 
eggs.  Some  of  the  May  Hies  — oj ilienicral  inso<'ts  which  isstie 
as  winged  a<liilts  from  pnniis  or  lakes  in  which  they  have  sjK'nt 
from  one  to  three  years  as  aquatic  crawling  or  swimming  larvip. 
flutter  alxtul.  for  an  evening,  innle.  dmp  their  packets  of  fertil- 
ized eggs  into  the  water,  and  die  before  llie  sunrise — are  ex- 
treme examples  of  the  numerous  kiiuls  of  animals  whose  adult 
life  lasts  <mly  lung  enough  for  nialing  and  egg-Iaying.  But 
elephants  live  for  two  hundreil  years.  Whal<'a  prolmbly  live 
limger.  A  horse  lives  about  thinly  years,  ami  so  may  a  cat  or 
toad.  A  sea  anemone,  which  was  kept  in  an  acpiarium,  hveil 
sixty-six  years.  Crayfishes  uiay  live  twenty  years,  A  quc4»n 
bee  was  kept  in  captivity  for  fifteen  years.     JIast  birds  have 
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long  lives — the  small  song  birds  from  eight  to  eighteen  years, 
and  the  great  eagles  and  vultures  up  to  a  hundred  years  or 
more.  On  the  other  hand,  among  all  the  thousands  of  species 
of  insects,  the  individuals  of  very  few  indeed  live  more  than  a 
year ;  the  adult  life  of  most  insects  being  but  a  few  days  or  weeks, 
or  at  best  months.  Even  among  the  higher  animals,  some  are 
very  short-lived.  In  Japan  is  a  small  fish  (Solaux)  which  prob- 
ably lives  but  a  year,  ascending  the  rivers  in  numbers  when 
young  in  the  spring,  the  whole  mass  of  individuals  dying  in  the 
fall  after  spawning. 

Naturalists  have  sought  to  discover  the  reason  for  these 
extraordinary  differences  in  the  duration  of  life  of  different 
animals,  and  while  it  cannot  be  said  that  the  reason  or  reasons 
are  wholly  known,  yet  the  probability  is  strong  that  the  dura- 
tion of  life  is  closely  connected  with,  or  dependent  upon,  the 
conditions  attending  the  production  of  offspring.  It  is  not 
sufficient  that  an  adult  animal  shall  produce  simply  a  single 
new  individual  of  its  kind,  or  even  only  a  few.  It  must  produce 
many,  or  if  it  produces  comparatively  few  it  must  devote  great 
care  to  the  roaring  of  these  few,  if  the  perpetuation  of  the 
species  is  to  bo  insured.  Now,  alm(xst  all  long-lived  animals 
are  species  which  produce  but  few  offspring  at  a  time,  and 
reproduc(»  only  at  long  intcTvals,  while  most  short-lived  animals 
produce  a  great  many  eggs,  and  these  all  at  one  time.  lUrds 
are  long-lived  animals;  as  we  know,  most  of  them  lay  eggs  but 
once  a  year,  and  lay  only  a  few  eggs  each  time.  Many  of  the 
sea  birds  which  swarm  in  countless  numbers  on  the  rocky 
ocean  islets  and  great  s(»a  cliffs  lay  only  a  single  egg  once  each 
year.  And  th(\so  birds,  the  guillemots  and  murres  and  auks, 
are  especially  loiig-li vod.  Ins(U'ts,  on  the  contrary,  usually 
])roduce  niany  (»ggs,  and  all  of  them  in  a  short  time.  The  May 
fly,  with  its  one  evening's  lifetinu*,  lets  fall  from  its  body  two 
packets  of  eggs  and  then  dies.  Thus  the  shortening  of  the 
|KTi(Ml  of  re|>r()ducti()n  with  th(»  production  of  a  great  many 
offspring  seem  to  ))e  always  associatxMl  with  a  short  adult  lif(»- 
tim(»;  while  a  long  p(Mio(l  of  n^production  with  the  production 
of  few  offs|)ring  at  a  time  an<l  ran;  of  th(»  offsj)ring  arci  asso- 
ciat(»d  with  a  long  a<lnlt  lifetime. 

At  the  end  comes  death.  Aft(T  the  animal  has  compU't(»d 
its  life  cy('l<\  after  it  has  doru*  its  shares  toward  insuring  tlu^ 
|HjrjK*tuation   of  its  species,  it  dies.     It   may  meet   a  violent 


•jparh.  iiarr  V  Vrllt^L  i^  ni-siipar  ir  iv  <!<iiesxiR5.  bmre  the  Efe 
<r7*ni»  >  Timpiifrt^L  JLut  ~nj2r  ^  ^ne  fbs«  •]€  ihe  tk!C  imjoritT 
4f  tnlTn■^i>.  -«riun  IT*  )«fr3.  )r  jar^meL  •>*  *aeac{L  zdat  rome 
benir*  *jtf  Time  T'nr  iiz'j.  ir  "jar-rung  •X  "^  auDlDiK  of  t^g$ 
laiii  '^c-  A  j«i.  -?9Arn.  --s  a  Ofw^  isKi  Jd  -anipiasx  icace  of  iipwlop- 
mtsir.  iuiw  3UU17   ir  r&r.ier  mv  5tv  '^xne  :o  znaKariCT.  hov 

•X    iietirii   -v?   kni^^  -riu*   -tssechhtju   JBeairmc      liie  cease? 
ami  -raa.  nevwr  ':•*  rfoe^v^i  ji  riie  ":•  •17  ot  :he  -ieaii  ;ininttl      It 

B*  imr^TTJor  :iL4r  tt*!  ji«-i*iiie  Tiiif  t'  ris-  *  raa  sif^npr  be  nenewed." 
ftJT  ^>  ?a7  TiiisjTiv  Thiir  *  !:>  nfas?*?^.  '  zhjAZ  is*.  :fcAS  the  perfonn- 
&iii?e *yt  :h.if  !:>  -r-«-vtrri*r*  rr  rzL'TLtca?  -njas?*?!?^.  is  n»x  really  death. 
Ic  is  easv  :.:  ^i^iruijc  .=.  z:».>=r  -racjtfs  '■:t?twi?e&  Efe  and  death, 
between  ^  It»*  ^^^ -^a-  ^ai  ;i  >ea»:  .^ce.  >■«  -rhere  are  rades^  of 
apparecL  -ir^Arh  ••r  1  ieci'-iAZ«t?  :c  ieach.  wt:i..4i  are  very  puzzling. 
The  test  oc  life  2?  -:s:iillv  lik-fc  :o  re  :fae  performance  of  life 
fiinrtl«^cs.  tie  agt>;'*'':i::«:c  •:€  :  •>:  :kn«i  exeretion  of  vaiste.  the 
bfvarMr.^  ir.  f  wr  c  a:^-'-  r.ii"  .h^  '•*::  of  carbonic-acid 
sr:k-.  r..-  •■  ".- r.-  •*  * -.rj  --■.  1-^.:  ?*  r.-:  :i=ini;kL5  t.^un  actiiiiUv 
5:L-i^T.i  -.i  :  •;.-■-*  :"  .r.  v  ->  r  j"  i-:*.-*  r»"'iiiv  them  to  such 
a  nan':r.v::\.  '\  :^:  "  -  y  -^:-:.  "  •  ■*  r  >:'.-•:  "  y  :r.e  strii'tt^t  oxain- 
iruir:»«r..  a:.  :  vr  -  :.  ■  '  ♦  :  l^  i.  *  .1:  >.  ::  •  y  --^r.  renow  aciin  the 
f**r«»r ::.:*:.■>-  .•:  •  -  1::*.  ^7^,^.^^.  l^iir?  an-i  siiine  oiher 
aniniaN.  ;i:!.'-:.j  *:..::.  :::,ir.y  :r--«' '-.  -;*r. :  :ho  winter  in  a  state 
of  fi#*at:.l.k'-  -1--I  :  .  I-  r:..»'ri  ::  :-  ■  ::  ^i.-^:.:  and  vet  hi!x»rnat- 
insr  ins4'i-ts  i-ar.  *:<■  :>■>  :.  si:  i  an  :  r'::::ii:;  :'n»zt^n  for  wi*eks  antl 
munrli-.  ani  >:ill  r»*;ii:.  :':.»-  >.'.v.r  "f  a'-'ivi^ly  living  again  in 
the  follow  ill::  s!»rii.::.  Kv»  r.  ::;.  »rf  r»r:iarikaMe  L<  the  casH*  of 
certain  in:ii:ite  aniMai-i  raiit^i  lot-a'<ir:a  an  J  of  other?  calleil 
Taniitrrada.  or  U-ar  ai;inia:«'ilfs.  Ti.t-si-  U*ar  animalcule:?  live 
in  water.  If  thi-  watrr  iirit-^  m|».  t!.<-  aniinaleuk's  dry  up  t<H>: 
they  >hriv»-l  into  fori!il«*-.s  Hrtle  ina><«s  an-l  iN'^^imie  dt^siecatinL 
Tliev  are  thii<  simply  dri«il-u|»  Mrs  tif  oriranie  inattor;  they  an* 
orgaiiie  ilii>t.  Now.  if  aft<*r  a  join:  liinr— years  even — one  of 
thi-s*'  ortraiiif  dii>t  ]»artieles.  <int»  «»f  tlu^se  (Irie<l-up  Ix^ar  ani- 
malcules, is  put  into  water,  a  Strang*'  ihiuir  hapi)ens.  The  IhxIv 
K wells  an' I  stretches  out.  th(»  skin  hecomes  smooth  instead  of 
all  wrinkled  and  fcilihMl.  and  the  le^s  ap|K»ar  in  normal  sha|v. 
The  hoily  is  a^ain  as  it  was  years  Iwfore.  and  aftcT  a  (juarter 
of  an  hour  to  several  hours  (dein-ndin;:  (»n  the  h*ngth  of  time 
the  uriiuial  luis  lain  dormant  and  dried)  jjIow  movements  of 
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the  body  parts  begin,  and  soon  the  animalcule  crawls  about, 
begins  again  its  life  where  it  had  been  interrupted.  Various 
other  small  animals,  such  as  vinegar  eels  and  certain  Protozoa, 
show  similar  powers.  Certainly  here  is  an  interesting  problem 
in  life  and  death. 

When  death  comes  to  one  of  the  animals  with  which  we 
are  familiar,  we  are  accustomed  to  think  of  its  coming  to  the 
whole  body  at  some  exact  moment  of  time.  As  we  stand 
beside  a  pet  which  has  been  fatally  injured,  we  wait  until 
suddenly  we  say,  "  It  is  dead ! "  As  a  matter  of  fact,  it  is  diffi- 
cult to  say  when  death  occurs.  Long  after  the  heart  ceases 
to  beat,  other  organs  of  the  body  are  alive — that  is,  are  able  to 
perform  their  special  functions.  The  muscles  can  contract  for 
minutes  or  hours  (for  a  short  time  in  warm-blooded,  for  a  long 
time  in  cold-blooded  animals)  after  the  animal  ceases  to  breathe 
and  its  heart  to  beat.  Even  longer  live  certain  cells  of  the 
bo<ly,  es|XH'ially  the  amceboid  white  blood  corpuscles.  These 
cells,  much  like  the  Atmeba  in  character,  live  for  days  after  the 
animal  is,  as  we  say,  dvin\.  The  cells  which  line  the  tracheal 
tube  leading  to  th(^  lungs  bear  cilia  or  fine  hairs  which  they 
wave  back  and  forth.  Thev  continue  this  movement  for  davs 
after  the  heart  has  (•(^asod  beating.  Among  cold-blooded  ani- 
mals, Hke  snakes  and  turtles,  ('o!n|>lete  cessation  of  life  func- 
tions comes  very  slowly,  (^'eii  after  the  body  has  bec^n  literally 
cut  to  pieces. 

Thus  it  is  ess(»iitial  in  di'fining  death  to  speak  of  a  complete 
and  permanent  cessulion  of  the  performance  of  the  life  processes. 


CHAPTER  XIII 

FACTORS  IN  ONTOGENY  AND  EXPERIMENTAL 

DEVELOPMENT 

Many  biologists  find  their  greatest  triumph  in  the  doctrine  that  the 
Hving  body  is  a  '*mere  machine/'  but  a  machine  is  a  collocation  of 
matter  and  energy  working  for  an  end,  not  a  spinning  toy,  and  when 
the  living  machine  is  compared  to  the  produ(!ts  of  human  art  the 
legitimate  deduction  is  that  it  is  not  merely  a  spinning  eddy  in  a 
stream  of  dead  matter  and  mechanical  energ>'',  but  a  little  garden  in 
the  physical  wilderness. 

What  the  distinction  (b<»tween  vital  and  nonvital)  may  mean  in 
ultimate  analysis,  I  know  no  more  than  Aristotle  or  Huxley,  nor  do 
I  believe  that  anyone  will  know  until  we  find  out. — Brooks. 

Whilk  in  the  foregoing  chapter  there  is  outlinocl  in  some 
detail  the  general  facts  and  processes  and  so-called  "laws'*  of 
ontogenetic  development,  we  piir|K)sely  omitted  any  reference 
to  what  is  known  or  guessed  ccmcerning  the  causes  and  control 
of  this  development.  Only  less  wonderful  than  life  itself  is 
the  unfolding  and  changing  of  a  single  tiny  apparently  homo- 
geneous speck  of  life  substance  (a  fertilized  egg  cell),  into  a 
great  myriad-celled,  extraordinarily  heterogeneous,  but  |x*r- 
fectly  organized  fully  d(»velo|HHl  phnit  or  animal  Ixxly.  And 
only  second  in  ix)int  of  insistence  to  man's  (pieries  alx)ut  the 
whence  and  w-hither  of  life  itself  are  his  dinnands  to  he  informetl 
concerning  the  causes  and  control  of  clevcl()|)ment.  It  is  indeed 
strongly  felt  by  most  biologists  that  the  study  of  development, 
that  is,  the  study  of  the  initiating  and  guiding  factors  of  de- 
velopment, is  more  likely  to  rev(»al  to  us  the  basic  factors  and 
mechanism  of  evolution  than  anv  other  kind  of  studv.  It  is 
plain  that  evolution,  its  causes  and  method,  are  intimately 
bound   up  with   the  gentTal   |)rimary   i)henomena  of  life,  as 
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assimilation,  growth,  differentiation,  adaptation,  heredity, 
variation,  etc.,  and  it^  is  also  plain  that  these  fundamental  life 
phenomena  are  to  be  most  effectively  studied  in  their  relations 
to  the  development  of  individual  organisms. 

The  most  casual  analysis  of  development  shows  that  nu- 
merous and  various  influences  play  their  parts  in  determining 
its  course;  it  satisfies  no  one  any  longer  to  say  that  the  course 
and  character  of  an  animal's  development  is  determined  by 
heredity.  No  influence  or  "force"  of  heredity  can  make  up 
in  any  degree  in  the  case  of  the  development  of  a  chick,  for 
example,  for  the  absence  of  a  proper,  temperature.  This  purely 
external  factor  of  heat  is  as  indispensable  to  the  development  of 
the  new  chick  creature  as  is  the  mysterious  inherent  capacity  of 
the  tiny  protoplasmic  mass  to  unfold  or  change  so  radically 
that  it  (and  what  it  adds  to  itself)  may  become  a  peeping 
chicken.  And  temperature  is  but  one  of  a  number  of  other 
external  factors  that  contribute  to  the  creation  of  the  new 
chicken,  as  indeed  the  inherent  capacity  of  the  protoplasm 
of  a  hen's  egg  cell  to  rearrange  itself  chickwise  and  no  other 
wise  during  development  is  but  one  among  a  number  of  neces- 
sary intrinsic  factors  whose  correlated  influence  or  working  is 
part  of  the  developmental  mechanism. 

The  influences  or  factors  which  determine  the  initiation, 
course,  and  outcome  of  development,  then,  may  be  roughly 
classifletl  into  intrinsic  and  extrinsic  factors.  And  as  in  our 
search  for  rational  mc»(^hanical  explanations  of  vital  phenomena 
we  look  on  factors  as  causal,  we  may  use  the  word  "causes" 
in  place  of  "factors"  or  "influences"  if  we  like.  The  intrinsic 
causes  we  must  l)olieve  to  l>e  deix^ndent  on  or  incident  to  the 
protoplasmic  structure  of  the  germ  stuff"  and  to  be  largely  the 
guiding  and  (l<»t(Tniining  factors  in  development,  while  the 
extrinsic  causes  are  larg(»ly  such  as  supply  stimulus  and  energy 
for  the  devclopnu^nt.  Among  intrinsic  developmental  factors 
are  inchidcd  assimilation,  growth,  division,  differentiation, 
etc.,  all  constituting  what  His  calls  the  "law  of  growth";  under 
extrinsic  factors  may  bo  listcnl  heat,  light,  moisture,  food, 
gravitation,  osmosis.  (»tc.,  com|)osing,  according  to  His,  the 
conditions  un(l(T  which  the  "law  of  growth"  ojHTates. 

In  order  to  un<lerstan(l  just  what  part  each  one  of  the  vari- 
ous dev(»l()pm(MitaI  factors  or  causes  plays,  there  is  neces.Hary 
a  most   thorough  analytical  study  of  development,  and  an 
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ftttcmpc  o  determine  in  measunbie  or  quantilathre  degree  just 
what  specific  effects  eaeh  factor  produces.  Obviously  the  most 
reliable  way  to  effect  this  analy^i?  and  this  determiiuuion  of 
the  specific  cau^  and  effect  relations  is  to  appeal  to  experi- 
ment. But  biolo^  has  alvajs  been  looked  on  as.  and  until 
reeentlv  has  actually  been,  almoist  wholly  a  science  of  observa- 
tion. It  is  now  becoming,  in  part  at  least,  a  science  of  experi- 
ment as  chemistr>'  and  physics  have  long  been  (these  are  now 
becoming  more  and  more  sciences  of  calculation,  that  is,  exact 
sciences  like  mathematics),  and  this  change  and  advance — for 
it  is  truly  an  advance  when  a  science  formerly  rel^-ing  for  its 
facts  on  observation  be^ns  to  ba.<e  its  foundations  on  the 
results  of  experiment — is  due  primarily  to  the  modem  interest 
and  work  in  the  problem  of  developmental  causes.  The  search 
for  a  rational,  causomechanical  explanation  of  the  complex 
and  at  first  sight  wholly  baffling  phenomena  of  development 
has  been  a  great  stimulus  to  the  liold  questioning  of  many 
other  \ital  phenomena  heretofore  looked  cm  as  to  be  explained 
only  by  the  a.-^sii  nipt  ion  of  a  mysti*-  vital  force  or  capacity 
\vlir»lly  l>fyon<l  and  foreifim  to  the  physit-orliemical  world  of 
matter  and  fon*«*.  Me<-lianisni  wr^/zx  vitalism  is  one  of  the 
greati"st  prt*s€'nt-<lay  hatil«*s  in  l)iol<>try.  and  nowhere  is  the 
struggle  k«»c*mT  or  an*  xhv  nierhanists  more  Ixihl  in  their  {)osi- 
tion  than  in  the  particular  fieM  of  the  pnM-i»ss<»s  and  factors  of 
development.  To  the  nuK'lianist.s  tlu»  play  of  familiar  phy.'jico- 
ehemieal  forees  through  the  complex  and  unique  structure  of 
germ  plasm  and  livinji:  tissues  has  for  n^sult  all  the  extraor- 
dinary outcome  of  (lev(»lopmental  course  and  outcome;  to  the 
vitalists  this  course*  and  outcome  are  far  too  complex  and  pur- 
ixweful  to  1m*  explicable  without  th(»  assumpticm  of  an  extra- 
physicochemical  force,  with  a  capacity  lK\v<md  any  single  or 
any  combination  of  tsc^veral  physicochemical  forces,  wliich 
thev  call  vitalism. 

There  is  little  nee<l  of  discussing  the  great  mechanism 
rrrnnH  vitalism  problem  h(*re:  it  is  ten)  difficult  a  subject,  and 
one  as  vet  tcK)  little  illuminated  hv  known  facts,  to  introduce 
into  anv  elenuMitarv  discussi(m  of  evolution  matters.  But 
it  mav  not  l)0  amiss  to  call  the  att(»ntion  of  even  the  most 
el<»mentary  student  of  evolution  and  g(»neral  bionomics  phenom- 
ena to  the  obvious  fact,  that  (he  moment  one  indulges  a 
jM'fichnnl  for  u.Si5uming  a  mystic,  ext ra-physicoehemical  force 
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to  explain  a  particularly  hard  problem,  one  has  simply  removed 
his  problem  from  the  realm  of  scientific  investigation.  It  is 
no  longer  a  problem.  It  is  explained — that  is,  it  is  explained 
for  whoever  accepts  the  vitalistic  assumption. 

The  varying  behavior  of  things  in  the  inorganic  world,  the 
functions  and  capacities  of  these  things,  dejM^nd  on  the  varying 
physical  and  chemical  make-up  of  these  things  acted  upon  by 
the  various  kinds  of  energy,  such  as  heat,  motion,  electricity, 
and  what  not,  which  we  are  more  or  less  familiar  with  as  a  part 
of  the  ])hysicochemical  world.  Varying  energy  acting  upon, 
or  lx?tter,  through  varying  structure:  this  is  the  causomechanical 
explanation  of  all  the  phenomena  in  the  inorganic  world. 
Should  we  not  in  any  open-minded  consideration  of  the  phe- 
nomena in  the  organic  world  strongly  incHne  to  hold  to  this 
same  explanation  until  it  is  definitely  proved  incomi)etent, 
untenable?  Answering  the  question  with  a  hearty  "Yes," 
the  mechanists  look  first  of  all  in  their  study  and  analysis  of 
the  so-called  vital  phenomena  to  the  matter  of  structure  of 
the  vital  masses  and  to  the  play  of  energy  through  the  masses, 
to  discover,  if  |)os.sii)le,  a  tangible  clew  to  the  "mysteries"  of 
the  life  j)r()cess.  In  the  study  of  development,  then,  we  strive 
first  to  see  and  to  understand  the  intimate  structure  of  the 
germ  plasm,  this  protoplasmic  stuff  with  its  wondrous  endow- 
ment of  potentiality. 

In  Cha|)ter  HI  we  have  already  stated  summarily  what  is 
known  of  the  chemical  and  physical  make-up  of  protoplasm. 
What  is  actually  known,  by  chemical  analysis  and  earnest 
microsc()j)ic  peering,  of  this  structural  make-up  is  wholly  in- 
sufficient to  serve  as  a  satisfactorv  basis  of  anv  causomechani- 
cal  exj>lanation  of  |)r()toplasmic  proj)erties.  Although  some 
of  the  simpler  capacities  of  protophusm,  as  its  motion,  its 
taking  up  of  (»utsi(le  substances  (feeding),  etc.,  have  been  to 
some  degrcM'  explaincvl  by  seeing  in  them  direct  physicochem- 
ical  redactions  to  external  stimuli  or  conditions,  practically 
nothing  has  been  n'ally  accomplished  as  yet  toward  a  mechani- 
cal ex|)lanation  of  such  more  complex  or  unusual  capacities 
as  irrita))ility,  assimilation,  and  reproduction.  This  last  func- 
tion of  proto|)lasni  is  in  a  way  its  most  apparently  hojx*- 
lessly  inexplica))le  property.  And  this  is  es|x^cially  so  when 
th(^  rej)ro(luction  is  of  the  sort  pecuhar  to  the  germinal  proto- 
plasm; that  is,  where  the  re|)roducing  protoi)lasmic  mass  does 
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not  umply  divide  and  thus  make  two  masses  each  capable  of 
the  growth  and  change  necessary  to  make  it  like  the  parent 
mass,  but  where  the  parent  mass  (a  fertilized  egg  cell,  or  a  sexual 
egg  or  bud  cell)  can  grow  and  develop  into  a  highly  complex 
many-celled  new  organism  of  type  like  that  from  which  the 
parent  germ  plasm  was  derived.    The  special  capacities,  there- 
fore, of  germ  plasm  have  furnished  for  centuries,  and  do  to-day, 
the  great   problem  of  biology 
(next  to  that  provided  by  the 
exihtcnce  of  life  itself) 
A  If  \te  cling  to  a  behef  that 

in  some  uav  after  all  the  ex- 
planation of  the  general  proto- 
plasmic and  special  germ  plasm 
capacities  lies  in  an  unusual 
combination  of  structure  and 
play  of  famihar  form  of  energy 
through  the  stnuturc  we  are 
at  onrc  foried  to  assume  a 
tni«tiiral  nuiWe-iip  of  proto- 
^iwmii  fshP  u  I  n  r  jlum  nut  eprni  pluhm  be\ond 

'  "^     I**!     «   ^  '""I     ^     t[i(  higlu  t  pdwirs  of  our  mi- 

ir  orifarun  c  ■jC  tlio  [  r  >l  <  fO^C  0)K  ■<   tu  d<.t4Ct        Am)   thlS 

AfierWibcm.)  aKsiiniption    actually   is   made 

by  most  biologists.  No  agree- 
twevcr,  exists  aiiioiiE  bioloKists  as  to  this  assuniMl 
!.  Biiiifigj'  dtH's  nut  have  its  :ilumir  thet)ry  as  chemistry 
docs,  lo  explain  llie  iiltr;inii(ro.s(<)|)i<;  make-up  of  the  sub- 
stuiii'es  will)  wlii<-li  it  has  tn  dctil,  hut  has  Its  atomic  theories, 
a  HcoH!  of  fairly  well-marked  theories  ws  to  the  ultimate  .'*tru<— 
(lire  of  Rerm  plusni  having  Ijct'ii  inlvanecHl  in  the  last  cotipic  of 
ccnturii'S  of  biologic  .study. 

AIniiist  iiil  of  these  th<i>rii's  assiune  a  luiernnierie  stniclure 
of  priiH»|i!ii.sin;  a  few  are  untiniieronieric.  By  niieromerie  is 
iiieiiiit  simply  that  (lie  plasm  wlneli  appears  |o  ii.s  as  a  viM-ous 
eiilloidai  sulislunce,  soiiii-wtuit  diffiTeitlialod  into  denser  and 
less  di'iise  parts,  apiK'ariiif;  jis  fibrils  or  grains  or  alveoles  in  a 
gn>uiid  sulislaiice  of  different  density,  is  assumed  to  l>e  com- 
IKwed  (»f  myriads  of  miniile,  nllrarniernseopic  units  of  the 
general  iintiin'  <)f  comliiiiatioiis  of  ebcmieal  molecules,  Tliese 
unit  eombinations  arc  given,  in  the  theories  of  various  authors, 
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various  names,  endowed  with  various  particular  properties, 
and  attributed,  as  to  their  origin,  to  varying  sources. 

In  the  seventeenth  century  and  early  part  of  the  eighteenth 
century,  before  the  time  of  the  microscope,  many  naturalists 
and  physicians  believed  that  in  each  germ  cdl  (or,  according  to 
some,  in  each  ^g  cell,  according  to  others,  in  each  sperm  cell) 
there  existed,  preformed  and  almost  complete,  a  new  organism 
in  miniature,  and  that  development  was  simply  the  expanding 
and  growing  up  of  this  tiny  embryo  man,  or  monkey,  or  chick. 
Also  they  were  forced  to  believe,  if  this  first  assumption  were 
true,  that  in  each  preformed  embryo  still  smaller  replicas  of 
their  particular  kind  must  exist  to  be  the  children  of  this  child, 
and  so  on,  ad  infinittim.  IJke  the  nests  of  Japanese  boxes,  the 
outer  one  encasing  a  smaller  and  this  still  a  smaller,  and  this 
yet  a  smaller  and  so  on,  the  young  and  future  young  of  any 
kind  of  organism  were,  according  to  this  encasement  theory 
of  the  germ  cell  structure,  nested  in  the  egg  and  sperm  cells  of 
any  organism. 

But  the  invention  and  use  of  the  microscope  soon  put  this 
theory  aside.  The  germ  cells  were  found  to  contain  no  pre- 
formed embryo.  Indeed,  they  seemed  to  the  earlier  micro- 
scopists  to  be  utterly  homogeneous  little  sp)ecks  or  masses  of 
protoplasm,  and  the  pendulum  of  sp)eculative  explanation 
tended  to  swing  well  away  from  any  preformation  theory 
toward  the  speedily  formulated  epigenetic  theories,  which 
assumed  that  all  germ  cells  were  practically  alike  except  as 
to  their  paternity  and  maternity,  and  that  the  development  of 
these  honio^enoous  s]XM;ks  of  protoplasm  must  be  determined 
chiefly  by  external  conditions  and  influences. 

However,  it  was  obvious  tliat  there  was  no  logical  or 
even  fair  rea.son  for  Iwlieving  that  the  lack  of  structural 
dififerentiation  in  the  germ  ])la8m  reveale<l  by  the  micro- 
«co|x>  was  a  proof  of  the  actual  al)8ence  of  such  organiza- 
tion. The  first  micTOHcojw  magnified  but  a  few  hundred 
diamet(Ts,  r(»voaling  structure  invisible  to  the  unaided  eye; 
but  Ijit(T  microscojM^,  magnifying  objects  a  thousand  and 
more  diametcTs,  rev(»aled  structure  and  organization  which 
were  quite  invisible  to  the  lower-powered  instruments.  And 
so,  altliough  to-day  we  examine  germ  plasm  with  lenses 
magnifying  tliroe  thousand  times,  and  yet  fail  to  discover 
more   than   threads,  rods,  grains,  or   droplets   in   a   viscous 


gnnzMi  gr3-iigA!w»  -v?  OP  sec  tiE&TY  St  jJl  tfast  tUs  StlllC- 
tsoraJ  <rSer«£a3kTkiL  3«  iLe  -uhzzzu^-  j^j^ml  Bakr-ap  of  the 
mrsiesiom  *rjjssi^z>t^  irec-xuits:.  We  reidilT  faefipre  there 
nuT  ei3£«  Az.  ':ihr&rx*f70Hr»:cfpc^  *c::'LHf^  ure  oc  great  complexity. 

RaffoQ  <s2c?cs<<Ni  i^k:  Uie  Svizc  s;t£  k  eompoeed  uhimately 
of  tinr  s^j^f^^iir&l  -zrfis.  vid-c^  be  aSkd  m^mic  molomlfs: 
these  ixkoifexik^  &re  Tz^ivi^rskl  umS  ^ies^nxtiUe:  ther  do  not 
increaide  in  CTimtter  or  decr»»:  vtjfs  united  in  groups  they 
form  oreuLisz^:  wIaitl  &n  cn&cis'ir.  «i5e«  its  offi^suiie  molecules 
•le  freed  but  n<4  desn^ved.  and  ii:rr  nay  help  compose  other 
organi«nk?.  BechAinr*  i^^eved  in  >i:r^i2jr  lining  mieromeric 
units  ealkd  wwrorym/*,  enfated  direniy  l.y  the  Supreme  Being, 
indestnictiUe  and  *trewr^i  ever\-whenr  in  etuih.air.  and  water. 

Herbert  Spwicer  pi:i«tulated  the  e3ti<ience  of  so-«aIled  phyB- 
ioloffieal  uniU:  living  units  all  of  the  sanie  structure,  active 
because  of  their  pr>brity  of  form  and  of  molecular  vibrations, 
in  size  and  character  midway  lietwc^'U  molecuk^s  and  cells, 
small  but  cfmiiJf'X  and  jorv-^^rss^-ii  of  a  delicate  and  precise 
polarity  analttgiius  in  t!.a:  «•:'  :!.t-  r!j»i«-«MiIiT>  of  cr>stalline  sul>- 
fftanw-s.  a  i»*»larity  whirh  ir:vt->  Their,  the  t-aj^ioity  to  group 
thom.si'lvf's  into  «»ri:an:r  pans  an- 1  wholes.  Other  theories 
similar  to  SjK-noer's  acN-unu-  a  >{it*rial  j»hysicocheniical  en- 
dowment of  the  clieniiral  nmleeules  in  thf  t»rganic  Ixnly  (lier- 
tholdj.  or  a  sjH'eial  elertrieal  emluwrntnt  of  the  life  units  (Fol), 
or  a  special  cliemiral  one  <Altmann  and  Maggi),  or,  finally,  a 
Sfx^rial  vital  one  (Wiesner). 

Darwin  |>roi>i*s<Hl  a  tluH»ry  \o  exj>lain  how  the  germ  plasm 
could  unfold  into  tlie  whole  IhmIv.  iall«Ml  tlie  theorv  of  the 
jMiruffnesiH  of  gemmuhs.  Darwin  jM>stulate<l  tlie  existence  in 
the  body  of  a  host  of  life  units  called  «r<'niniules  to  l>e  found 
in  all  the  various  Inidy  cells,  capable  of  rapid  s<*lf- multiplica- 
tion and  of  a  migratory  movement  throujrh  the  ImhIv,  the  direc- 
tion and  ^oal  r>f  which  movement  is  dctermintHl  by  delicate 
uffinitieH  existing  among  tlie  various  gemmuh*s.  When  a  gem- 
mule  enters  an  undifTerentiate<l  or  dt^velojiing  cell,  as  yet 
gemmuleh^s,  it  controls  the  develoj)ment  of  that  cell.  Thanks 
to  Mi(^  delicate  and  j)recise  affinities  of  the  gemmiiles,  they 
always  ^et  to  just  when*  they  should,  to  j)roduce  harmonious 
develo))ment  ;  but  in  the  perm  cells  lod^t*  frcMiimules  from  all 
over  Ihe  hodv,  so  the  develooment  of  these  cells  results  in  a 
new  whole  hodv. 
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Niigeli,  a  philasophical  botanist,  pro])oscd  a  theory  of  germ- 
plasm  structure  and  behavior  which  may  be  called  the  theory 
of  miceUiVj  nutritive  plasm  and  idioplasm.  When  the  complex, 
life-characterizing  albuminous  substances  took  their  birth  in  an 
aqueous  liquid,  they  were  precipitated  as  tiny  particles  called 
micellip,  which  attracted  other  micella?  to  themselves  and  thus 
produced  aggregates  of  primitive  life  stuff,  or  protoplasm.  The 
micelhc  are  all  separated  from  each  other  by  thin  envelopes 
of  water,  thus  making  water  an  integral  part  of  protoplasm, 
and  making  growth  by  intercalation  of  new  micella?  possible; 
this  primitive  protoplasm  becomes  arranged  in  two  ways, 
resulting  in  producing  two  kinds,  one  called  nutritive  proto- 
plasm, and  the  other  idioplasm  or  germ  plasm,  extending  all 
through  tlie  nutritive  protoplasm  as  a  fine  network. 

Finally,  the  most  r<H*ent  micromeric  theory  of  germ-plasm 
structure  is  that  of  Weismann,  the  modern  champion  of  natural 
selection.  According  to  him  the  protoi)lasm  of  the  nucleus  is 
made  up  of  units  called  biophorSj  which  are  the  bearers  of  the 
individual  characters  of  the  cell;  the  biophors  arc  complex 
groups  of  molecules,  ciipal)lc  of  assimilating  food,  growing, 
and  rcj)roducing;  the  nunil)er  of  bioi)hors  is  enormous,  as  it 
must  e(|ual  the  i)ossil)iliti('s  of  cell  variety.  The  biophors  are 
unit(Ml  into  fixcnl  groups  called  determinants,  each  determinant 
containing  ail  the  l)ioj)h()rs  necessary  to  determine  the  whole 
character  of  any  one*  cell;  in  each  specialized  cell  there  need 
be  l)ut  one  determinant ,  but  in  the  germ  cells  every  kind  of 
determinant  must  l)e  re|>resente(l. 

In  connection  with  the  post ulat ion  concerning  the  ultimate 
mak(*-up  of  tli(»  plasm  of  the  germ  cell,  Weismann  has  formu- 
latcMl  a  th(M)ry  of  germinal  selection  to  account  for  the  obvious 
fact  that  a  ccMtain  cumulation  of  variation  of  a  certain  kind  or 
along  fixed  lines  may  tak(»  j)lace  without  the  aid  of  natural 
sele<'tion:  this  variation  cumulation  often  l)eing  indetnl  of  a 
degn^e  too  slight  to  give*  any  opj)ortunity  for  interference  by 
natural  selection.  To  account  for  this  fact,  wliich  has  l)een 
much  us(m1  by  adverse  critics  of  natural  selection,  Weismann 
assmnes  a  competition  of  the  determinants  in  the  germ  cells 
for  food,  hence  for  opportunity  to  grow,  to  be  vigorous,  and  to 
multiply;  the  initially  slightly  stnmger  or  more  favorably 
situat(Ml  (letenninants  will  g(^t  the  most  food,  lessening,  at  the 
same  time,  the  food  supj)ly  of  others.     Now,  when  the  germ  cell 
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begins  development  the  kind  of  cells  or  tissues  or  organs  wiU 
be  best  developed  whose  determinants  happen  to  be  the  better 
fed,  stronger  ones,  while  other  parts  of  the  body  may  be  made 
smaller  or  even  not  appear  at  all  on  account  of  the  starvation 
of  their  determinants;  also  the  stronger  determinants  in  the 
better  developed  parts  of  the  body  will  produce  by  multiplica- 
tion more  and  stronger  daughter  determinants  for  the  germ 
cells  of  the  new  individual  than  the  weak  determinants  in  the 
ill-developed  body  parts,  and  thus  this  disparity  in  develop- 
ment of  body  parts  will  be  passed  on,  cumulatively,  to  suc- 
cessive generations:  which  is  nothing  more  nor  less  than  de~ 
terminate  variation. 

All  the  speculations  about  the  ultimate  structure  of  the 
germ  plasm  are  interesting,  but  none  of  them  of  course  is  really 
convincing.  As  Delage  has  well  said,  the  chances  are  too  many 
to  one  against  the  probability  of  anyone's  guessing  correctly 
the  actual  facts  concerning  the  complex  structural  detail  of 
the  protoplasmic  make-uj).  The  structural  or  inhcTcnt  factors 
in  ontogeny,  then,  arc  to  1)e  understood  only  in  so  far  as  ob- 
vious rcsuhs  or  effects  may  rev(»jil  them.  Now  there  is  one  set 
of  phenomena  in  ontogeny,  to  whicli  wo  liave  not  as  yet  calle^l 
attention,  which  does  s(*em  to  tlirow  some  liglit  on  certain 
essential  features  or  facts  of  germ-cell  structure  which  other- 
wise would  not  \)e  obvious  to  us.  This  set  of  phenomena  is 
that  called  miioais  or  karyokinesis,  and  occurs  in  connection 
with  each  division  or  cleavage  of  the  egg  cells,  and  of  their 
daughter  cells  or  blastomeres.  It  occurs  also  in  the  division 
or  multiplication  of  cells  in  all  the  tissues  of  the  lx)dy,  and  is 
a  phenomenon  normal  to  cell  increase  anywhere  in  the  body 
at  any  time  in  the  life  of  the  organism. 

Direct  or  amitotic  cell  division  is  much  less  common  and 
seems  to  be  restricted  to  certain  kinds  of  tissues  or  to  certain 
])eriods  in  tlie  history  of  the  life  of  certain  tissues.  However, 
the  recent  invc^stigations  of  Child  and  others  show  that  cell  di- 
vision without  mitosis  is  more  connnon  than  is  usually  thought. 
In  this  kind  of  division,  the  process  consists  simply  of  the  con- 
striction and  e(|ual  (or  unequal)  splitting  of  the  cell  body  into 
two  ])arts,  the  dividing  of  the  nucleus  usually  being  slightly 
in  advanc(»  of  that  of  the  cytoplasm.  T^ich  half  of  the  parent 
cell  has  then  but  to  increase  in  size;  to  ])ecoine  the  counterj>art 
of  its  progenitor.     In  the  mitotic  or  indirect  division,  on  the 
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contrary,  the  process  is  more  complex.     It  has  been  described 
by  F.  M.  McFarland  *  as  follows: 

''One  of  the  earliest  results  of  the  study  of  cell  multiplication  was 
the  discovery  that  division  of  the  nucleus  precedes  the  division  of  the 
cell  body.  Furthermore,  a  careful  examination  of  the  different  phases 
of  the  process  offers  the  strongest  proof  that  the  most  important 
feature  of  this  division,  an  end  to  which  all  the  other  processes  are 
subsidiary,  is  the  exact  halving  of  a  certain  nuclear  substance,  the 
chromatin,  between  the  two  daughter  cells  which  result  from  the 
division.  To  gain  a  clear  conception  of  this  process  of  indirect  cell 
division,  called  'mitosis'  or  'karyokincsis,'  let  us  consider  the  changes 
which  take  place  in  typical  cell  multiplication.  Two  parallel  series 
of  changers  occur  nearly  simultaneously,  the  one  affecting  the  nucleus, 
the  other  the  cytoplasm.  In  the  so-called  'resting'  nucleus — i.e., 
the  nucleus  not  in  active  division — the  chromatin,  as  we  have  seen, 
exists  usually  in  the  form  of  scattered  granules  arranged  along  the 
linin  network,  and  does  not  color  readily  with  nuclear  stains.  As 
division  approaches,  these  chromatin  granules  become  aggregated 
together  in  certain  definite  areas,  forming  usually  a  convoluted  thread 
or  skein,  which  now  readily  takes  up  the  nuclear  stains  which  may  be 
used.  In  some  nuclei  this  skein  is  in  the  form  of  a  single  long  filament, 
iu  oth(Ts  the  chromatin  is  divided  up  from  the  first  into  a  series  of 
segments,  a  condition  which  soon  follows  in  the  case  of  a  single  fila- 
ment. By  transverse  fission  the  latter  breaks  up  into  a  scries  of  seg- 
ments, the  'chromosomes,'  the  number  of  which  is  constant  for  each 
si)ecics  of  animal  or  plant.  Thus  in  the  common  mouse  there  are 
twenty-four,  in  the  onion  sixteen,  in  the  sea  urchin  eighteen,  and  in 
certain  sharks  thirty-six.  The  numlx^r  may  be  quite  small,  as,  for 
example,  in  A.scaris,  a  cylindrical  f)arasitic  worm  inhabiting  the  alimen- 
tary canal  of  the  horse.  Here  the  numl)er  is  either  two  or  four, 
depending  upon  th(»  variety  examined.  In  other  forms  the  number 
may  U'  so  large  as  to  rcMider  counting  exceedingly  difficult  or  im- 
[)ossible.  In  all  cases,  however,  one  fact  is  to  \)e  e8i)ecially  noted, 
viz.,  the  numlHT  is  always  an  even  one,  a  striking  fact  which  finds  its 
ex[)lanati(>n  in  the  phenomena  of  fertilization  to  be  discusscnl  later  on. 

"While  the  chromatin  is  collecting  into  the  form  of  the  chromo- 
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aoBMS  tLr  nnrlnr  mnafanDe  bas  «&apc«aRd.  Tht  rliraiiMMOiiies 
aooa  mrli  their  nuximaBi  5t,ifrmg  <rai{<ttntT.  and  appear  usually  as 
a  roUectkn  of  rods  or  baiki^  cnF  «keph-  ftaininf:  subetance  tyinS  ^'^ 
in  the  nrtopbam. 

**  While  this  » taking:  pfare  in  the  narlrtv.  anochfr  series  of  cliaii|?e8 
has  been  gone  throo^  by  the  cratfOKime  and  the  cytof^asm  im- 
mediately surroumfizi^  it.  We  haTe  abvaiiy  imticated  the  presenre 
of  the  centroeofne  as  a  minute  sflhericd  stnictunp  hnnf,  at  one  side 
of  the  nucleus.  This  bcdy  a^a^ume!?  an  ellipsoidal  fonn,  constricts 
tnuisversehr  into  a  dumbMKshaped  fisure.  and  divides  into  two 
daughter  centrusomes.  vhxi-h  at  tim^  Fie  side  by  side  but  soon  move 
apart,  .\round  each  of  ihem  is  cradually  de^Tlopcii  a  stellate  figure 
composed  of  a  countless  number  of  delii-ate  fibnls  nuliating  out  in  all 
directions  from  the  centrwome  as  a  ivnter.  This  'aster'  or  'astro- 
sphere  *  is  at  first  small  in  extent,  but  crows  in  size  pmgressi^'ely  as  the 
two  centers  move  apart.  ap|vireiitly  lieing  derived  from  a  rearrange- 
ment and  modification  of  the  thivadlike  netm-ork  of  the  cytoplasm 
under  the  infiueiuv  of  the  iviitrv^»nu*s. 

"Between  these  two  asters.  w!>irh  lie  a  short  «iistan«*e  apart  and 
at  one  side  of  the  nurleus.  a  spiiulk^shai'etl  system  of  delicate  fibrils 
may  often  be  made  out,  sirxnchins  irxnw  the  *viiter  «>f  one  jister  to  that 
of  the  other.  Tliis  fusif«»nn  fipin*  is  tenneil  the  '<-entral  spindle.' 
The  two  asters,  topi*ther  with  the  ivntral  spiiulle,  fomi  what  is  termed 
the  'amphiaster'  or  the  *achroinatie*  i>orti»>n  of  the  kar>'okinetic 
figure.  The  two  series  of  ehanci»s  in  muleiis  aiul  cytoplasm,  which 
have  thus  far  pone  on  appariMitly  inde|M'ndently  of  each  other,  now 
become  cl(M?ely  interrelated  in  that,  as  the  nuclear  membrane  dis- 
apj)ears,  a  system  of  fibrils  pnms  out  from  each  ;istrasphcre,  which 
attach  themselves  to  the  individual  chromosomes.  These  'mantle 
fil)ers'  insert  themselves  alonp  the  chromosomes  in  such  a  way  that 
each  segment  receives  a  series  of  fibrils  fn»m  each  |>ole  of  the  amphi- 
aster,  the  two  series  IxMnp  attached  alonp  <>[»positc  sid(»s  of  the  chromo- 
somes. Under  the  influence  of  these  fil)ers,  probably  by  direct  pulling, 
the  chromosomes,  now  InMit  into  \-  or  r-sliai>e»l  loops,  tend  to  plac*c 
thems<'lves  in  a  circle  around  the  center  of  tin*  spindle,  transversely 
to  its  long  axis,  and  form  the  *e<|uatorial  i>late.' 

**The  changes  thus  far  constitute  tlie  *i)n)phases'  of  the  division. 
The  'metaphiiS(*s'  following  these  consist  primarily  in  the  longitudinal 
Hplittinp  of  each  chromosome  an<l  the  moving  apart  of  the  halves. 
'Hiis  l<»npitudinal  splitting  of  tlie  chromosome  into  two  e<|uivalcnt 
parts  forms  the  most  important  a<*t  of  the  wliole  cell  division,  and  is 
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of  the  greatest  theoretical  significance.  By  it  the  chromatin  substance 
of  the  original  nucleus  is  equally  distributed  between  the  two  dau^ter 
nudeii  so  that  each  receives  a  half  of  each  original  chromosome.  The 
elaborate  mechanism  and  consequent  expenditure  of  energy  involved 
in  this  careful  longitudinal  division  of  each  chromosome,  rather  than 
a  simple  mass  division,  such  as  might  be  brought  about  by  far  less  com- 
plicated means,  indicates  clearly  that  the  distribution  of  the  definite 
organisation  of  the  chromatin  to  the  daughter  cells  is  of  primary 
importance,  a  conclusion  which  is  further  strengthened  by^  much 
evidence  too  extended  to  be  entered  upon  here. 

"In  the  'anaphases'  and  'telophases,'  which  include  the  closing 
stages  of  division,  the  daughter  chromosomes  migrate  along  the  fibers 
of  the  central  spindle  toward  its  poles,  perhaps  through  the  direct 
contraction  of  the  mantle  fibers  under  the  influence  of  the  centro- 
some,  though  this  and  many  other  points  regarding  the  forces  at  work 
must  be  left  for  future  investigation  to  decide.  Arrived  at  the  poles, 
VHshaped  chromosomes  become  grouped  in  a  star-shaped  figure,  the 
'aster,'  their  outer  ends  become  again  joined  together  in  the  form  of  a 
tangled  skein,  the  individual  chromatin  granules  separate  somewhat 
along  the  threads  of  the  linin  network,  their  deeply  staining  quality 
is  decreased,  and  a  new  nuclear  membrane  develops  around  each 
group  of  chromosomes.  Simultaneously  with  tliis  the  cytoplasm 
constricts  across  the  middle  of  a  somewhat  elongated  cell,  resulting 
in  complete  division  in  the  equatorial  plane  of  the  spindle,  and  two 
separate  daughter  cells  result.  Kac^h  of  these*  is  made  uf)  of  cytoplasm 
containing  a  centrosome  and  a  nucleus,  similar  in  all  resf^ects  to  the 
parent  i^ell  from  which  it  has  arisen. 

"A  simple  tabulation  of  the  changes  just  (lcscril)e(l  is  as  follows: 

Phases  of  Cki.l  Division  nv  Karvokinksis 

(  1.  Hcstinp  nucleus. 

I.     Proi)}ias(»s -  2.  Skein  stage  of  chromatin. 

'  3.  Si'jrmented  skein. 

--,,,,  (  4.  iMiuatorial     plate     and     splitting     of 

II.     Metaphii.s<» -  ', 

f  ctironiosoincs. 

C  i).  Movement    of  chromosomes  to  ]>oles 

III.  Anaphas(»s -  and  format  ion  of 

^  0.  S4»<jrncntc(l  daughter  skeins. 

_,      _  ,     ,  (7.   Heconstruction  of  inicleus. 

IV.  Telophase's 'j  o    iv   •  •         r      .      i 

'  /  S.  Division  of  cvtopiasm. 
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"  It  is  readily  seen  that  the  culmination  of  the  process  lies  in  the 
splitting  of  the  chromosomes  and  the  separation  of  their  component 
halves  to  form  the  twp  new  daughter  nuclei." 

The  obvious  distinction  in  capacity  of  development  shown 
by  the  various  cells  which  compose  an  animal's  body  leads  us 
to  ask  whether  we  can  distinguish  differences  associated  with 
these  different  potentialities  in  the  fine  structure  of  the  cells 
themselves,  and  especially  in  their  behavior  during  the  process 
of  multiplication.  For  the  fate  or  future  character  of  any 
cell  must  largely  depend  on  the  nature  of  its  origin,  the  character 
of  its  inheritance.  Now  in  some  cases  this  difference  in  poten- 
tiality of  the  undifferentiated  dividing  cells  is  plainly  shown 
by  differences  in  the  details  of  the  process  of  division.  A 
conspicuous  and  important  instance  of  this,  and  one  bearing 
directly  on  our  subject  of  tlic  relation  of  the  structure  and 
character  of  the  germ  plasm  to  the  fully  developed  organism, 
is  the  distinction,  usually  easy  to  make,  between  the  body  or 
so-called  somatic  cells  and  the  reproductive  or  germ  cells  of 
any  organism. 

"  Every  multicellular  organism  arises  by  a  process  of  division  from 
a  single  cell,  the  fertilized  germ  or  egg  cell,  which  in  turn  has  been  cut 
off  from  the  colls  of  a  preexisting  individual.  Out  of  the  group  of 
colls  wliicli  result  from  the  continued  division  of  the  germ  cell  and  lis 
dosco!i(hiiits  iiro  cliff orontiatod  the  various  tissues  and  organs  of  the 
body  til  rough  wliich  the  vitnl  functions  are  carried  on.  Those  tissues 
and  organs  wiiich  jKTform  functions  jwrtaining  directly  to  the  existence 
of  the  individual  have;  In'on  termed  'somatic,'  and  their  constituent 
colls  the  'somatic;'  or  body  colls,  in  contradistinction  to  the  repro- 
ductive tissues  or  cc»lls  whoso  function  concerns  the  continuance  of 
tho  spcM'ios.  In  sonic  forms  tlioso  groups  of  cells,  the  somatic  and  the 
roproductivo,  In'oonio  isolated  from  oac*h  other  cjuite  early  in  develop- 
ment ;  in  ono  c-asc»,  indood,  tho  diffcTCMitiation  of  ro[)rcMluctive  cells 
from  tiio  somatic  ones  lias  U»on  traced  bv  Hovori  back  to  the  first 
division  of  tiio  (•<:<:.  This  case*  of  Ascari.s  v\eijaU>c€ phala  is  so  striking 
and  of  such  fundamental  theoretical  importance  that  it  must  not  l)e 
passod  without  notice,  for  in  it  wo  find  marked  differences  l)etwet»n 
tho  somatic  and  roproductivo  colls  in  their  nuclear  structure,  their 
relative?  amount  of  chromatin,  and  mode  of  division.  The  egg  of 
Ascnris  has  Ikmmi  tho  classical  object  for  cytological  studies  on  account 
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of  tt8  BnuU  number  of  chromosomes  (two  in  variety  univaleiu,  four  in 
bivaleoa),  their  lai^  Hie,  and  the  diagrauunatic  rieamen  of  the 


Fio.  14«.-lt*>lui 


ohanjroH  which  takr  [iIh<v  in  irtvisioii.  In  the  (iiviKion  of  the  fcrtiliwd 
eftn  (tU  we  have  two  (in  univnli'nM)  loiij;  ehroma-Mimes  handed  over  to 
eaeh  dauiditcr  cell.     As  thetw  two  i-ells  in  turn  dividi',  a  striking 
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difference  is  seen  in  the  karyokinetic  figures.  In  Fig.  146,  i4,  such  a 
two-celled  stage  is  seen  from  the  pole;  in  J5,  a  slightly  later  stage  in 
side  view  of  the  spindle.  In  the  upper  cell  of  A,  the  division  is  of  the 
usual  form,  the  two  chromosomes  split  longitudinally,  and  their  two 
halves  travel  to  opposite  poles  of  the  spindle  (B).  But  in  the  lower  cell 
this  is  not  the  case.  The  central  portion  of  the  two  chromosomes  is 
broken  up  into  a  large  number  of  minute  chromatin  granules  which 
divide,  and,  as  shown  in  By  form  the  only  portion  of  the  chromosomes 
drawn  up  to  the  poles  and  entering  into  the  structure  of  the  resting 
nuclei  after  the  di\ision  is  complete.  The  large  swollen  outer  ends  of 
the  chromosomes  are  cast  off  into  the  cytoplasm  and  are  eventually 
absorbed,  playing  no  further  part  as  nuclear  structures.  C  shows  the 
four-celled  stage,  in  which  a  marked  difference  in  the  size  of  the  nuclei 
of  the  upper  and  lower  cells  is  visible.  Lying  near  the  margins  of  the 
lower  cells  are  the  remnants  of  the  ends  of  the  chromosomes  which  have 
l)een  cast  off  in  the  division.  In  D  the  four-celled  stage  is  shown  with 
the  karyokinetic  figures  of  the  next  division.  In  the  lower  cells  the 
spindles  are  seen  from  the  pole,  tlie  chromatin  is  present  in  the  re- 
duced amount,  in  the  form  of  small  granules.  In  the  upper  left-hand 
cell  the  two  full  chromosomes  are  seen,  each  split  longitudinally,  while 
the  upper  right-hand  cell  shows  a  repetition  of  the  reduction  phenome- 
non— viz.,  the  central  portion  of  the  two  chromosomes,  broken  up  into 
granules,  alone  enters  into  tlic*  spiiuile  figure,  the  outer  ends  being 
cast  off  into  the  cytoplasm,  where  they  suffer  a  similar  fate  to  those  of 
the  lower  cell  in  the  previous  division.  The  next  division  repeats  the 
process,  one  cell  retaining  th(»  two  full  chromosomes,  while  all  the 
others  have  the  reduced  amount.  This  takes  place  for  ^ve  successive 
divisions  and  then  ceas(\s;  from  the  one  cell  having  the  two  full  chro- 
mosomes the  reproductive*  tissues  develop,  the  others  with  reduced 
chromatin  form  the  somatic  tissues.  Thus  is  accomplished  a  visible 
structural  differentiation  of  the  nuclei  of  the  reproductive  cells  which 
distinguishes  them  shar])ly  from  all  the  somatic  tissues  in  Ascaris. 
We  sliall  s(H»  further  on  that  there  is  abundant  evidence  in  favor  of 
the  theory  that  the  nucleus — i.e.,  the  chromatin — is  the  bearer  of 
hereditary  influences  from  one  generation  to  the  next,  and  that  the 
sjMM'ifie  (lev(»l()pm(Mit  and  functions  of  each  individual  cell  are  de- 
jMMident  upon  the  sj)ecific  changes  which  take  place  in  the  chromatin 
of  its  nurleus.  In  this  light  the  almost  isolat4»d  ca^^e  of  Ascaris  pos- 
sesses a  vahic  and  interest  that  cannot  l^e  overestimated. 

**  While  in  the  higher  forms  of  animals  and  plants  we  find  a  sharp 
differentiation  of  their  tissues  into  somatic  and  reproductive  or  germ 
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cells,  we  must  bear  in  mind  that  not  in  all  forms  is  this  power  of  the 
reproduction  of  the  whole  organism  so  sharply  limited  to  the  germ 
cells  alone.  The  familiar  propagation  of  plants  by  cuttings,  the  re- 
genotition  of  complete  animals  from  small  portions  of  their  somatic 
tissues  in  many  lower  forms,  and  numerous  other  considerations  such 
as  these,  show  clearly  that  the  difference  between  the  powers  of 
somatic  and  germinal  cells  is  but  one  of  degree;  that  while  in  higgler 
organisms  the  two  seem  sharply  defined  from  each  other,  a  series 
of  lower  forms  may  be  taken  which  will  show  the  intermediate  steps 
in  this  gradual  specialization  of  function. 

**  In  the  unicellular  organisms  we  have  most  interesting  examples 
of  the  fundamental  facts  of  reproduction,  and  through  an  examina- 
tion of  these  we  may  gain  an  insight  into  the  more  complicated  processos 
of  the  Metazoa.  Each  of  these  lowest  forms  consists  of  a  sing^  cell  in 
which  are  carried  out  in  a  generalized  way  the  complex  ph3naological 
functions  which,  in  many-celled  animab,  are  di\ided  up  among  cell 
groups.  In  reproduction  the  animal  simply  di\ides  into  two,  the 
divifflon  of  the  nucleus  preceding  that  of  the  cytoplasm,  and  the  method 
is  usually  a  more  or  less  modified  karyokinetir  one.  This  ni(Kle  of 
multiplication  continues  in  most  fonns  for  a  certain  number  of  genera- 
tions, and  then  the  necessity  for  conjugation — i.  e.,  a  tem|)orary  or 
permanent  fiLsion  with  another  indi\idual — sets.  in.  If  this  conjuga- 
tion be  prevented,  the  animal  soon  shows  increasing  signs  of  de- 
generation which  result  in  death.  This  'senescence'  of  the  powers  of 
growth  and  multiplication  can  only  l)e  checked  by  the  admixture  of 
new  nuclear  substances  from  an  entirely  different  indi\ndual  by  con- 
jugation. In  its  simplest  terms  this  process  is  found  in  Chilodon, 
according  to  Henneguy.  ('hilmlon  is  a  minut-c*  fresh-water  infusorian, 
which  multiplies  for  a  considerable  i)eriod  of  time  by  transverse  di\n.s- 
ion.  After  a  time,  however,  the  physiological  necessity  for  conjugation 
en.sues.  The  animals  having  placed  themselves  side  by  side  in  pairs 
and  partly  fused  together,  the  nucleus  of  each  individual  dividers 
into  two  portions,  one  of  which  i)asses  from  each  infusor  into  the  other 
to  unite  with  the  half  remaining  stationary.  The  two  then  separate, 
each  having  received  a  half  of  the  nucleus  of  the  other.  After  thus 
trading  exixTiences,  as  it  might  Ik*  termed,  a  i)eri(Ki  of  renewed  vigor 
and  activity  for  each  set«  in,  manifested  in  rapid  gn)wth  and  multi- 
plication by  division,  producing  a  large  numlxT  of  generations,  which 
continues  until  weakening  vital  actixitii's  indicate  the  iieriodically 
n»curring  ntM-i'ssity  for  conjugation.  In  general,  among  the  Infusoria 
we  find  the  same  process  taking  place  in  regular  cyclical  order,  with 
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more  or  less  complicated  variations  of  the  phenomena  just  outlined 
for  ChiUxlim.  In  all  of  them  the  aim  of  the  <'oiijugation  is  the  same, 
the  cxchatifce  uf  a  eertalti  amount  of  nuclear  sulietancc  between  the 
two  conjugatitig  individuals,  and  the  same  physiological  effect  is 
reached,  a  rpjuvenescencc,  as  it  were,  of  the  two  organisms  which 
manifestB  il^lf  in  renewed  vigor  of  gn)Wth  and  multiplication. 

"In  some  of  the  lowest  foims  of  unicellubir  life — for  example,  the 
Schisomycetes  or  bacteria  and  their  allies— this  oecesKty  for  con- 
jugation    does    not  ^ 
apjx^ar  to  exist,  but          .  --~^  "-~C;;~x        A        /  /"^  1    ^    , 
for    the     vast    ma- 
jority of  forma  this 
cyclical  law  of    de- 
velopment   holds 
good.     Ill  the  Pro- 
tozoa    no     division 
into     somatic     and 


gen 


al 


ells 


('■a.  14T.— 6'antun  peHoralt.  ■  liniple  colonial  1 
comiHHed  uf  laiteBn  celli  bulilinc  toctthar  i 
Layer  ur  pLare:  A.  The  whoJe  eoLony;  B.  a  sii 
eye  spol:  d.  cbluropUgl:  n,  nudeue;  «,  vacuo! 
Campbell.) 
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found,  both  func- 
tions being  united 
in  the  one  cell  which 
forms  the  whole 
body  of  the  or- 
ganism. In  the  MeU 
azuH,  however,  this 
differentiation  has 
taken  place ;  the  genninal  cells  are  set  apart  for  the  preservation  of  the 
race;  the  somatic  cells  carry  on  their  various  functions  for  a  time, 
grow  old,  die,  and  disapjiear,  i-ertain  of  the  germ  cells  alone  surviving 
in  the  jirmlurtion  of  new  individuals.  On  the  borderland  between 
the  unii'cllulur  and  the  mu]tii«llular  organisms,  however,  stand  cer- 
tain coloniul  forins,  which  show  an  exquisitely  graded  series  of  Btc|is, 
from  the  cotidilions  of  unicellular  multiplication  to  those  of  the  multi- 
cellular furm.t."     (McFarland.) 

In  the  iiiany-cpllod  animuLs  the  e^g  is  a  single  cell  laden 
with  a  largo  uinoimt  <if  food  yolk,  and  iruidc  »ip  of  nucleus  and 
c>'topla.sin  as  tin'  living  chimonts.  Fur  the  normal  developmont 
of  this  <'pfr.  i'<mjngiUi(in  with  another  germ  cell,  dcriviHi  from  a 
difTcrcnt  individual,  is  usually  nrceiwary.  Tins  germ  cell  ia  Iho 
B[K'rmaloz(jiiid,  a  niiniit<'  cell  loiisinting  of  niicloiM  and  centro- 
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flome  with  a  smaD  amount  of  cytoplasm  modified  primarily  into 
an  organ  of  locomotion,  the  tail.  A  ph>-siolofdad  division  of 
labor  is  here  met  with  which  admirably  meets  two  diametricallv 
opposed  requirements.  The  one  of  these  demands  that  the 
ccmjugating  ceUs  be  highly  motile,  and  consei|uently  small, 
in  order  that  they  may  be  able  to  come  together  in  the  water 
in  which  they  are  usually  set  free.  The  second  requires  that 
there  be  furnished  a  sufficient  amount  of  nutritive  material 
for  the  nourishment  of  the  embryo  until  it  arrives  at  a  stage  of 
growth  in  which  it  can  shift  for  itself.  These  two  necessities 
have  been  met  by  the  physiological  division  of  labor  between 
the  two  conjugating  cells.  The  one,  the  sperm  ceil,  has  become 
reduced  in  size  with  a  corresponding  gain  in  motility,  the 
other,  the  ^g  cell,  has  had  food  yolk  stored  up  in  it,  and  its 
consequent  increased  size  prevents  any  more  than  a  very  slight 
degree  of  independent  movement,  if  any.  Di£Ferent  stages  of 
these  modifications  may  be  met  with  among  unicellular  forms, 
as  illustrated  in  Pandcrina,  Eudarina,  and  Volvox,  to  which 
might  be  added  many  otJiers.  In  Pandorina  the  conjugating 
cells  are  of  nearly  equal  size,  in  Endonna  an  intermediate  con- 
dition is  reached,  while  in  Volvox  the  egg  and  sperm  cells  are 
sharply  differentiated  in  size  and  motility.  Again,  in  the  first 
two  and  their  allies  all  of  the  cells  are  at  first  vegetative  and 
afterward  reproductive,  while  in  Volvox  the  definite  separation 
into  vegetative  or  somatic,  and  reproductive  or  germinal  cells 
makes  its  appearance. 

We  arrive  then  at  the  conclusion,  from  the  consideration 
of  these  and  many  other  lines  of  evidence,  that  the  germ  cells 
were  primitively  exactly  alike,  and  that  the  differences  between 
them  have  arisen  in  the  process  of  differentiation  along  two 
separate  lines.  Furthermore,  it  is  clear  that  the  differences 
between  the  two  sexes,  which  become  strongly  characterized 
in  the  higher  vertebrates,  are  all  of  a  purely  secondary  nature. 

In  their  early  development  the  germ  cells  are  indistinguish- 
able from  each  other,  and  both  pass  through  certain  stages, 
preliminary  to  their  union,  which  are  essentially  alike.  The 
animal  egg  is  a  large,  more  or  less  spherical  cell,  enveloped 
usually  by  certain  membranes,  containing  a  large  nucleus  and 
cytoplasm.  The  vast  bulk  of  the  egg  coll,  however,  is  made 
up  of  inert  food  material  in  the  form  of  yolk  granules,  which 
are  stored  up  in  it  as  nourishment  for  the  developing  embryo. 
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18,  or  germinal  vesicle,  is  large,  and  contAUU  a  net- 
chromatin  together  with  one  or  more  conspicuous 
■u. 
re  are  three  periods  usually  recogni3ed  in  the  develop- 
[  the  egg  cell,  viz.:  (1)  The  period  of  m ultipU cation ;  (2) 
od  of  growth;  and  (3)  the  period  of  maturation.  The 
-liod  is  characterized  by  a  continuefl  series  of  divisions 
primitive  reproductive  cell  and  its  descendants,  whicli 


i 


produces  a  large  number  of  "ovogonia."  Succeeding  this  is 
a  period  of  growth  in  which  the  ovogonia  increase  greatly  in 
size,  mainly  through  the  production  and  storing  up  of  food 
yolk.  At  the  close  of  this  period  the  germ  cell,  now  termed  a 
"primary  ovocyte,"  enters  upon  the  maturation  period,  in 
which  it  undergoes  two  divisions  in  rapid  succession,  by  means 
of  which  two  minute  cells,  the  polar  bodies,  are  cut  off  from 
the  ^g.  Through  these  two  divisions  the  number  of  chromo- 
somes in  the  egg  nucleus  is  reduced  to  one  half  that  which  is 
found  in  the  other  cells  of  the  body.  The  first  polar  body  also 
usually  divides,  and  thus,  at  the  close  of  the  period  of  matun^ 
tion,  four  cells  result:  one  large  mature  egg  cell,  ready  for  the 
fertilization  which  initiates  the  developmi-nt  of  the  embryo, 
and  three  minute  polar  bodies,  which  are  to  be  regarded  simply 
as  rudimentary  ^ga.    The  nuclei  of  these  four  cells  are  exactly 
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alike  in  that  they  all  contain  the  same  number  of  chromosomes, 
i.  c.,  one  half  the  numl>cr  in  the  somatic  cells  of  the  individual. 
The  difference  in  size  is  due  simply  to  the  concentration  of  the 
food  yolk  and  most  of  the  cytoplasm  in  one  of  the  cells;  the 
other  three  degenerate,  being  sacrific^ed  to  the  production  of 
an  egg  cell  with  the  largest  possible  supply  of  nutritive  sub- 
stance in  it. 

In  the  development  of  the  sperm  cell  (Figs  149  150)  nefind 
an  exactly  parallel  series  of  stages  the  end  results  however 
differing  much  in  size,  _ 

The  mature  sperma- 
tozoon is  an  exceed- 
ingly minute  cell,  con- 
sisting typically  of  a 
cylindrical  or  conical 
"head"  containing  a 
nucleus,  a  short  cyto- 
plasmic  "middle 
piece,"  and  a  long 
vibratile  "tail,"  an 
organ  of  locomotion 
differentiated  out  of 
the  cytoplasm  of  the 
cell  from  which  the 
spermatozoon  is  de- 
rived. The  stages  of 
multiph cation,  growth,  and  maturation  are  passed  through  in 
the  development  of  the  spermatozoon  in  the  same  ortler  as 
in  the  egg  development,  save  that  the  jjeriod  of  growth  does 
not  include  the  storage  of  food  yolk  in  the  primary  si»rma- 
tocyte,  and  the  two  divisions  of  the  maturation  stages  are 
equal  ones,  resulting  in  the  production  of  foiir  cells  of  the 
same  size,  each  of  wiiicrh  devolojw  into  a  complete  siwrma- 
tozoon. 

Tlic  accomjwnying  diagrams  of  I'ig.  I'll,  taken  from  Itoveri. 
illustrate  clearly  the  homologies  existing  Ix-twoen  the  life 
histories  of  tlio  two  sorts  of  genu  colls.  The  earlier  stages  of 
ovogonia  and  s]>orni:itog()nia  are  indislingui.shable  from  each 
other;  later  in  the  iierioil  of  growth  the  increase  in  size  of  an 
ovocyte  marks  it  off  fnmi  the  minute  s|>ermato(yte,  but  this 
distinction  is  merely  one  due  to  nonliving  f<iod   nmtoriul,  and 
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in  nowise  affects  the  fundamental  identity  of  the  two.  In  the 
maturation  period  the  number  of  chromosomes  in  the  nuclei 
of  both  egg  and  sperm  is  reduced  one  half — on  the  one  hand, 
the  ripe  egg  cell  and  three  rudimentary  egg  cells  (the  polar 
bodies)  being  formed;  on  the  other,  four  equal  "spermatids" 
are  produced,  which  develop  into  four  mature  spermatozoa. 
The  contrast  in  size  which  exists  between  the  two  mature  re- 
productive cells  is  enormous,  the  spermatozoon  in  some  cases 
containing  less  than  -nn/intir  (Wilson),  and  in  extreme  cases  less 
than  looo^oooTT  (Hertwig)  of  the  volume  of  the  egg  cell. 


••«j>i* ••••>••. 


•     • 


Fig.  151. — At  lefii,  diagram  illuotrating  the  development  of  the  upermatoiofin;  at  ri^t, 
diagram  illuBtrating  the  development  of  the  egg.     (After  Boveri.) 

A  discussion  of  the  method  by  which  the  reduction  of  the 
chromosomes  in  the  germ  nuclei  is  brought  about,  may  profit- 
ably be  deferred  until  the  essential  features  of  fertilization 
have  been  examined.  The  phenomena  of  the  fusion  of  egg  and 
sperm  can  best  be  studied  in  some  such  form  as  the  sea  urchin, 
in  which  the  egg  is  very  small,  and,  in  some  species,  quite 
transparent.  As  fertilization  takes  j)lace  free  in  the  sea  water, 
the  germinal  cells  being  cast  out  from  the  parents,  it  is  ix)ssible 
to  collect  the  eggs  and  sfxjrm  separately  from  mature  in- 
dividuals and  biing  them  together  in  small  dishes  of  sea  water, 
and  at  such  times  as  mav  suit  one's  convonionoe.  Tlien  in  the 
living  egg  much  of  the  process  may  be  followed  under  the 
microscope,  and  properly  prepared  sections  of  the  eggs,  killed 
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by  reagents  at  the  various  stages,  enable  conclusions  to  be 
drawn  as  to  matters  of  minute  detail. 

Fig.  153,  A  to  F,  presents  a  series  of  diagrams,  taken  from 
Boveri,  illustrating  the  principal  facts  in  the  process  of  ferti- 
lization. In  A,  the  egg  is  represented  with  its  clear  nucleus 
in  the  center,  surrounded  by  the  egg  membrane.  Clustered 
around  the  periphery  are  a  number  of  spermatozoa  endeavoring 
to  find  their  way  into  the  substance  of  the  egg.  On  the  right- 
hand  side  in  the  figure  one  has  penetrated  the  membrane  and 
is  shown  passing  into  the  egg  cytoplasm,  which  puts  forth  a 
small  conical  prominence  to  meet 
it.  As  soon  as  the  head  of  one 
s[)erm  enters  the  egg  cytoplasm  a 
new  membrane  is  formed  around 
the  egg  which  effectually  prevents 
the  entrance  of  any  others.  The 
head  and  middle  piece  penetrate 
into  the  egg,  the  tail  usually  re- 
maining imljedded  In  the  mem- 
brane, where  it  soon  degenerates. 
A  few  moments  after  the  sjwrm  has 
entered,  a  system  of  radiations 
appears  around  the  middle  piece 
which  develojjs  into  an  aster  sur- 
rounding    the     CentrOSOme     of     the  ipermatoioan.     (Atwr  Wherfn.) 

sperm   (fl).     The    sperm    nucleus 

swells  up  and  rapidly  increases  in  si/e,  its  chromatin  changing 
from  the  compact  condition  in  which  it  is  arranged  in  the 
sjK-rm  head  to  a  reticulate  condition  (C).  The  chromatin  re- 
ticulum of  the  egg  nucleus  becomes  also  more  clearly  visible, 
S[)crm  aster  and  s|)erm  nucleus  now  move  in  toward  the 
egg  nuclcuM,  the  aster  usually  preceding.  As  the  nuclei  ap- 
proach, the  s]HTm  nucleus  increases  still  more  in  size  until 
it  becomes  indistinguishable  from  the  egg  nucleus  (C).  The 
chromatin  network  of  each  now  breaks  up  into  a  number 
of  chronu>sonu's,  one  half  ()f  the  number  found  in  the  som- 
atic eells,  and  the  nuclei  come  inio  contact,  fusing  together 
in  some  ca-ics.  ,\s  in  the  scii  iirchhi,  Erhinun.  the  niimber  of 
chnimosiimes  is  (■inhtecn.  nine  wimld  therefore  be  found  in 
the  germ  nuclei;  fur  the  sake  of  dearne.'W  and  simphcity 
but  two  are  represented  in  the  diagram,  those  of  the  sperm 
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nucleus  being  slightly  shaded  while  those  of  the  egg  nucleus 
arc  black. 

The  centrosome  divides  together  with  its  aster  (D),  the  two 
daughter  centrosomes  move  apart  to  opposite  poles  of  the  egg, 
and  the  typical  amphiaster  of  cell  division  is  formed  (E),  the 
nuclear  membranes  disappearing  and  the  chromosomes  being 
drawn  together  into  the  equatorial  plate  where  each  splits 
longitudinally.  The  halves  are  drawn  by  the  mantle  fibrils 
toward  the  opposite  poles,  and  the  egg  divides  transversely 
into  two  cells  (F).  This  process  of  division  is  repeated  con- 
tinuously in  each  of  the  resulting  generations  of  cells,  and 
from  the  mass  of  cells  thus  formed  develops  the  new  organism. 
EsLch  cell  in  the  two-celled  stage  has  received  half  of  its 
chromosomes  from  the  egg  nucleus  and  half  from  the  sperm, 
thus  containing  equal  amounts  from  each  parent.  The  centro- 
some, which,  as  we  have  seen,  is  to  be  regarded  as  the  djoiamic 
center  of  the  cell  division,  comes  from  the  spermatozoon  alone; 
the  egg,  on  the  other  hand,  furnishes  the  yolk  and  practically 
all  of  the  cytoplasm. 

After  this  preliminary  outline  of  the  facts  of  fertilization,  we 
are  in  a  better  position  to  imdcrstand  the  significance  of  a  process 
which  occurs  in  the  development  of  both  egg  and  sperm  cells, 
namely,  the  reduction  of  the  chromosomes.  The  necessity  for 
such  a  reduction  is  evident  from  a  moment's  reflection.  We 
have  seen  that  the  number  of  chromosomes  in  the  nucleus  is 
a  constant  and  typical  one  for  each  animal  and  plant  species 
so  far  as  known.  As  fertilization  consists  in  the  union  of  two 
cells  in  one,  from  which  the  young  organism  develops,  it  is 
plain  that,  were  there  no  reduction,  the  number  of  chromo- 
somes would  be  doubled  in  each  succeeding  generation.  How- 
ever sim])lc  this  necessity  for  reduction  may  appear,  the  mi- 
nutiiP  of  the  processes  through  which  it  is  brought  about,  and 
the  theoretical  significance  of  these  facts,  form  one  of  the  most 
involved  i^roblems  of  biology  to-day.  In  a  few  forms,  especially 
among  the  lower  (■nistacc^a,  the  facts  of  the  reduction  are  clear 
and  rc^latively  simple*;  in  other  forms  they  thus  far  stand  in 
direct  contradiction,  and,  for  th(»  present,  a  comprehensive 
ex])lanation  applicable  to  all  forms  must  bo  M\  to  further 
investigation. 

The  significance  of  reduction  turns  uiM)n  th(»  conc(»]Mion 
of  a  definite  organization   and   individuality   in  the   chronio- 
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somes  and  the  assumption  that  they  represent  the  physical 
basis  of  heredity — i.  e.,  that  they  influence  and  determine  into 
what  the  fertilized  egg  shall  develop.  Fifteen  years  ago 
Wilhelm  Roux  showed  with  convincing  clearness  that  the 
complicated  facts  of  nuclear  division,  the  careful  longitudinal 
halving  of  the  chromatin  thread  and  its  equal  distribution 
between  the  two  daughter  cells,  can  be  explained  only  on  the 
basis  that  the  chromosomes  possess  different  structure  in  dif- 
ferent parts  of  their  extent,  and  that  these  structiu*es,  repre- 
senting tendencies  in  development,  are  distributed  in  definite 
ways  to  the  daughter  cells.  Were  this  not  the  case,  a  simple 
direct  mass  division  of  nucleus  and  C3rtoplasm  instead  of  the 

complicated  process  of 
karyokincsis  with  its 
consequent  much  greater 
expenditure  of  energy 
would  serve  all  pur- 
ix)ses. 

In  the  light  of  this 
probable  individuality 
and  morphological  or- 
ganization of  the  chro- 
mosomes, the  method  of 
their  reduction  in  num- 
ber, preparatory  to  the  fusion  of  their  germ  cells,  becomes 
of  the  greatest  significance;  to  those  who  may  deny  this  in- 
dividuality and  definite  architecture,  the  phenomena  can  have 
no  great  importance  save  as  concerns  a  general  mass  reduc- 
tion in  the  amount  of  the  chromatin  present  in  the  germ  nu- 
clei. It  may  be  assumed  as  true,  in  the  majority  of  cases 
now  accurately  known,  that  the  reduction  takes  place  some- 
where in  or  near  the  last  two  divisions  of  the  gcTm  cells  previous 
to  their  fusion — that  is,  in  the  egp,  in  the  divisions  forming 
the  polar  bodies,  and  in  the  sperm,  in  the  hvst  two  divisions  of 
the  spermatocyte  which  produce  the  four  spermatids  out  of 
which  devoloj)  as  many  mature  spermatozoa.  The  phenomena 
are  exactly  homologous  in  Iwjth  cases,  as  has  already  l>e<»n 
pointed  out,  differing  only  in  the  minor  details  which  do  not 
affect  the  end  result. 

Two  peculiar  features  mark  these*  divisions  off  from  all  the 
others  which  precede  and  follow  them.     One  of  these  is  the 


Fig.  154. — Formation  of  the  polar  bodies  shown 
diacrammatically.    (After  Korschelt  and  Heider.) 
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absence  of  an  intermediate  resting  stage  between  them,  the 
second  division  following  immediately  upon  the  first  without 
the  reconstitution  of  the  chromosomes  into  the  skein  stages. 
The  second  peculiarity  Ues  in  the  fact  that  the  chromatin  (now 
the  individual  chromosomes)  appears  in  one  half  the  typical 


Fio.  155. — Re<luction  of  chromosomes  in  the  spermatogeneniH  of  AaeartB  megaloeephala 
var.  bii'alens:  A,  Nucleus  of  n  H|>ermatoK()nium.  the  typical  nuinl)er  of  chromo- 
8ome8  (4)  Mhown.  each  nplit  h)nfcitU(linHlly  precodiiife  the  nucleu.s  fixMion;  B,  young 
Bplitting  primary  Hpermatocyte,  two  tetradH  present,  each  with  IxMly  double  from 
longitudinal  ttplitting  of  a  chromatin  thread;  C.  the  tetradH  in  the  equatorial  stage 
of  fisMiim;  D.  neparation  of  the  ilyadu;  E,  the  dya<lH  in  Huceeeding  fiwion  of  the 
M^ondary  Hpermatitl;  F,  completitm  of  the  f)88i(m  of  the  Hame.  each  cell  (apermatid) 
contains  the  reduced  number  of  chromoMomet)  (2).     (After  Brauer.) 


number  of  the  cliromosomes  in  the  first  division,  and  is 
usually  arranged  in  "t(»trads/'  or  groups  of  four  rounded, 
deeply  staining  bodies  connected  by  linin  fibers.  These  tetrads 
are  always  one  half  the  number  of  the  original  rod-  or  thread- 
like chromosonu^s.  Thus  in  Fig.  155,  A  represents  a  s})erma- 
togonium  nucltMis  of  Ascarrs  with  the  four  chromosomes, 
showing   the   longitudinal   splitting    preparatory   to  division. 


nnoUTios'  .ivD  amval  um 

m  e*riy  9pindlF  stage  in  llw  difiacMi  of  the 

tXoejV.  in    vhirfa    otit    four   toadUki?  cluufuv- 

trtiMi*,  nr  Hmrnjalin  i^oup*  or  four  rounded 

d.     C  to  F  ebov  rWriy  ihr  further  st«^  in 

^<«i»K.    la  ('  th^  t^ntU  v¥  pwipeij  in  Ihe 

te,  and  in  D/m  the  dcsitig  sUf^  of  tbr  first  cfi- 

>a  iwo  EpennatQcy1«s.  eacb  tetnd  has  divided  into 

Is,"  whicb  &re  drawn  to  th«  pole,  and  the  di\-ision 

(  bodjf  foDowB.     Without  an  inttnening  rest  stage 

matonie  tuiw  divides  again,  as  in  £'  and  F.  esc-h 

fig  w^poinit^^  into  h&lvcs,  so  that  in  the  spermatids  of 

'o  chromatin  masses  are  present.     Thus  the  tetrads 

'luuy  Bpermatoc>-te  are  divided  up  among  the  four 

so  that  each  of  the  latter  receives  one  fourth  of 

^ince  later  stages  show  that  the  two  chromatin 

b  spermatid  of  F  represents  two  ehromosomes,  we 

number  of  chromosomes  has  been  reduced  from 

„JT  m  ^  to  the  two  in  F. 

Manifestly  the  key  to  the  explanation  lies  in  the  relations 
whicb  exist  between  the  four  chromosomes  of  A  and  the  tetrads 
of  B.  The  two  divisions  consist  merely  in  the  distribution  of 
the  already  separated  parts  of  the  tetrads;  in  the  rearrange- 
ment of  the  four  chromosomes  into  the  two  tetrads  lies  the 
poasibility  of  the  reduction  which  is  carried  out  by  the  fol- 
lowing divisions.  The  problem  thus  resolves  itself  into  the 
question,  What  is  the  nature  of  each  tetrad?  Is  it  made  up 
of  a  single  chromosome?  of  two?  of  four?  or  have  the  constituent 
parts  of  the  original  four  chromosomes  become  so  completely 
rearranged  and  redistributed  that  their  identity  as  such  is 
completely  lost? 

Turning  for  a  moment  to  the  lower  Crustacea,  we  find  among 
the  Copepods  forms  admirably  suited  for  the  careful  following 
out  of  the  changes  taking  place  in  the  rearrangement  of  the 
chromosomes  into  the  tetrads.  To  Riickert  wc  owe  the  clearest 
account  of  the  process  as  exhibited  in  the  egg  maturation  of 
Cychpt.  Here  the  normal  numl>er  is  twenty-two,  or  perhaps 
twenty-four,  the  minute  size  rendering  counting  difl^cult.  Fig. 
148,  A  to  F,  taken  from  Riickert,  gives  the  essential  points  of 
the  formation  of  the  tetrads  and  their  foUo^^'ing  divisions,  not 
all  the  chromosomes  being  represented.  In  A  the  chromatin 
filament  has  broken  up  into  one  half  the   usual  number  of 
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segments  (chromosomes),  and  each  shows  the  precocious  longi- 
tudinal splitting.  These  segments  shorten  up  into  the  double 
rods  of  jB,  which  in  C  are  being  arranged  in  the  developing 
spindle.  A  comparison  of  these  three  figures  will  show  clearly 
that  each  chromatin  segment  has  divided  both  longitudinally 
and  transversely,  its  parts  shortening  and  arranging  them- 
selves in  tetrad  formation  of  D.  The  first  division  following 
separates  the  tetrad  along  the  longitudinal  plane  of  its  former 
splitting  (£)  and  the  second  division  along  the  transverse 
plane  (F). 

In  Cyclops  then,  the  tetrads  are  formed  by  the  chromatin 
thread  of  the  resting  nucleus  breaking  up  into  one  half  the 
usual  number  of  segments,  and  each  of  these  in  turn  dividing 
longitudinally  and  transversely.  A  tetrad  here  is  made  up  of 
two  chromosomes  slightly  united  end  to  end  and  split  longi- 
tudinally. Thus  if  ahcdef  .  .  .  n  represent  the  unsegmented 
filament  of  the  resting  nucleus,  a-h^-d-e-f  would  show  its 
breaking  up  into  the  normal  number  of  chromosomes  which 

split  lengthwise,  forming  -»  t^    »  -^^  -»  v  in  the  equatorial  plate. 

In  the  Cyclops  nucleus  of  Fig.  A  the  filament  has  separated 
into  the  segments  ab-cd-ef  .  .  .  n,  each  of  which  has  split  longi- 
tudinally into  —ri  -"i'  -'.y  etc.,  and  its  transverse  division,  sub* 
sequently  becoming  more  apparent,  gives  to  each  tetrad  the 

composition   -  r»  -  ,»  -  f.y   etc.      By   the   first  division    in    the 
^  ab  cd  e\f 

longitudinal  plane,  each  daughter  cell  receives  a  half  of  each 

chromosome;  in  tl.e  second,  however,  in  the  vertical  plane, 

this  is  not  the  case,  as  can  l)c  readily  seen.     This  is  clearly  a 

qualitative   division,    and    the   daughter   cells   receive    unlike 

chromosomes.     This  forms  the  "reducing  division*'  in  Weis- 

mann's  sense,  and  as  such  is  a  most  beautiful  demonstration 

of  his  postulated  reduction  of  the  ancestral  plasm. 

In  Ascan's,  however,  the  evidence  is  just  as  clear  that  no 
reducing  division  in  Wcnsmann's  s(»nso  takes  place,  though 
the  actual  number  of  the  chromosomes  is  also  reduced. 

Boveri  has  shown  for  the  ep^  and  Hrauer  for  the  sperm 
that  the  tetrads  arise  by  a  double,  longitudinal,  splitting  of 
the  chromatin  filament  which  Inter  breaks  into  two  segments. 
Thus  abed  would   again  represent  the  unsegmented  filament. 


274  EVOLUTION  AND  ANIICAL  LIFE 

Orb-c^  the  individual  chromosomes,  and  -y  r>  -r  -•  their  splitting 

abed  r-       ~o 

longitudinally  in  ordinary  division.  In  the  maturation  of 
the  egg  and  in  spermatogenesis,  however,  the  thread  segments 

into  ab,  cd,  and   splits  twice  longitudinally  into  II II'  "j  13' 

the  two  tetrads  of  B  in  Fig.  155.  The  reduction  of  chromatin 
here  is  only  a  reduction  in  mass  and  not  a  quaUtative  one,  in 
Weismann's  sense,  as  in  the  Crustacea  and  insects.  In  Ascaria 
the  actual  reduction  in  number  of  chromosomes  takes  place 
in  the  nucleus  previous  to  the  matiu*ation  divisions  of  the 
ovocyte  and  spermatocjrte  respectively.  In  Cyclops  the  for- 
mation of  the  tetrads  is  merely  a  pseudo-reduction,  the  actual 
reduction  taking  place  in  the  second  division,  which  gives  rise 
to  the  mature  egg  on  the  one  hand,  or  the  spermatids,  which 
develop  into  the  spermatozoa,  on  the  other. 

One  fundamental  fact  is  clear  in  these  divergent  accoimts. 
The  number  of  chromosomes  is  reduced  in  both  sorts  of  the 
germinal  cells  as  a  preliminary  to  their  union.  Whether  there 
is  Ukewise  a  qualitative  distribution  of  the  chromatin  elements 
remains  for  future  investigation  to  decide.  From  the  facts  of 
ordinarv  cell  division  we  have  seen  that  the  chromatin  of 
the  nucleus  is  to  be  regarded  as  the  bearer  of  hereditary  quaUties 
in  the  cell.  The  phenomena  of  fertilization  greatly  increase 
this  probability.  Tlie  offspring  resembles  both  of  its  parents, 
and  the  paternal  tendencies  can  be  conveyed  in  the  minute 
spcrmatozoan  head  alone,  which  is  constituted  almost  entirely 
of  chromatin.  The  scrupulous  exactitude  with  which,  in  both 
germ  cells,  the  chromosoni(»s  are  reduced  to  one  half  the  normal 
number  preparatory  to  the  union  of  the  pronuclei  in  fertiliza- 
tion, and  the  distribution  of  the  paternal  and  maternal  chro- 
matin equally  to  the  resulting  cells  of  cleavage,  lend  added 
weight  to  the  theory. 

The  development  of  the  fertilized  germ  cell  into  the  com- 
plete organism  is  discussed  in  the  ])roceding  chapter  as  also 
is  the  significance  of  sex.  This  significance*  in  the  light  of  actual 
processes  of  germ-cell  formation,  maturation,  and  fertilization 
is  sei»n  to  be  very  important  in  relation  to  the  ])henomenon 
of  variation,  a  phenomenon  or  fact  which  we  have  already 
learned  to  recognize  as  the  absolutely  essential  basis  of  all 
organic  evolution. 
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he  new  individual  to  be  exists  in  the  germ  wU 

5  ui  less  nearly  ponijiletcly  preformed  embryo  tieediog 

•xoand,  unfold,  and  grow  to  be  the  fully  developetl 

e,  or  whether  the  fertilized  egg  cell  is  a  bit  of  prac- 

nuiffereiitiated   protoplasm,  endowed  with   a  limited 

uific  potentiality,  but  depending  for  its  marvelous  out- 

Jiiefly  on  extrinsic   imposed   influences— this  question 

in  a  matter  of  contention  since  the  beginning  of  the 

jf  generation  and  development. 

m  our  scrutiny  of  the  phenomena  of  mitosis,  it  is  ap- 
(hat,    while   the   germ   cell   is   certainly   considerably 
itiated  as  regards  its  fine  structure,  on  the  other  hand  it 
inly  contains  no  preformed  embryo  of  the  individual 
eh  it  is  to  develop,  as  the  old  Bchool  of  preforniationiats 
t  the  testimony  from  mitosis  by  no  means  settles  the 
rey   between   the   modern    preform  a  tionists   and   the 
epigenesists.     This  rages  hotly,  and  furnishes  a  great 
...s  to  the  pushing  on  of  Mu-  study  of  develojinipnt. 
what  is  most  interesting,  perhaps,  about  this  present-day 
embryological  study  is,  perhaps,  its   method.     Where  hereto- 
fore the  study  of  development  has  been  almost  purely  descrip- 
tive and  comparative,  as,  indeed,  all  biological  study  has,  the 
modern  embryologist  is  an  experimenter.     Experiment,   the 
method  of  the  study  of  inorganic  nature,  is  being  resorted  to 
and  relied  on  for  the  determination  of  biological  problems,  and 
in  particular  that  one  that  has  for  its  subject  the  seeking  of 
the   factors   and   actual    causes    of   individual    development. 
This  has  been  aptly  named   preformation   versus  epigenesis. 
It  might  also  pertinently  be  called  intrinsic  versus  extrinsic 
factors  or,  more  broadly,  vitalism  versus  mechanism. 

The  new  phase  or  mode  of  the  study  of  development  has 
been  variously  called  developmental  mechanics,  experimental 
development,  or,  more  broadly,  experimental  morphology, 
because  the  experimental  method  has  been  extended  to  the 
study  of  phenomena  not  strictly,  or  at  least  not  usually  in- 
cluded in  the  immature,  or  developing  stage  of  the  animal's 
life;  the  study  of  regeneration,  of  reactions  to  stimuli,  and  of 
reflexes  and  movements  in  general,  has  all  been  illuminated 
by  the  decisive  results  of  the  sulwtitution  of  experiment  for 
haphazard  observation  in  nature.  And  the  further  extension 
of  experimental  and  statistical  modes  of  investigation  to  the 
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Fio.  157.—^,  Ilyliriil  larvB  ISiAirrrrliinui  t  knd  EMinuj  J>.fnHil  vidr;  B.  then 
train  Klilc-  vicvi';  C.  Iiyljri'l  Inrvn.  NiAirr^cMniu  i  (o.uinuclealnl  m  rurni>li< 
ud  Ec/iinai  !  .  of  the  i)i»^  f>.  ihe  lUuiHs  UrvK  ia  liJa  viaw.     (AfKr  Boveri.) 
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"gnnd  problnn5~  of  honfiir  and  Tsriatioo.  alrmdy  ndl 
cnt«r«l  upoD.  bids  fair  to  produce  the  most  rapid  and  real 
ad^'anre  that  has  ^-et  been  made  toward  the  goal  (rf  solving 
Bome  of  the  m\ister>'  which  ha$  :»  far  enwrapped  these  funda- 
mental li^enomena  of  life. 

To  retuni  to  our  special  proUem  <rf  preformation  or  epi- 
genecas.  it  aaist  be  said  at  the  outlet  that  the  endenoe  touching 
it.  whirh  has  9o  far  bera  derived  from  experiment,  is  distinctly 
conflicting.  Fm*  exam[^  the  frog's  egg  (which  has  been  a 
classic  Verauchaobject  in  this 
studyk  when  treated  after  its 
first  cleavage  ao  that  one  of  its 
two  blastomeres  (daughter  cells 
of  the  original  fertilised  egg  cell) 
is  killed,  devdops  half  a  frog, 
which  would  indicate  that  the 
embrv'o  was  preformed  in  the 
egg  cell,  or  at  least  that  each 
part  of  the  egg  cell  had  its  fate 
prwietermined.  so  that  the  loss 
of  i>art  of  the  egg  would  produce 
a  loss  of  a  definite  part  of  the 

uicd  Kvtniio.    (Afi«  Hrrbsi.}  But    in   the   hands   of   other 

invostigaiors  diametrically  op- 
posed results  were  got.  Hortwig  nmnagcd  to  separate  entirely 
the  two  first  cleavage  cells  and  got  from  each  of  these  half 
eggs  a  complete  enihryo  but  nf  ilwarfed  size,  which  would 
indicate  that  any  part  of  the  egg  stuff  is  able  to  produce  any 
part  of  the  enibryo.  Other  investigators  have  succeeded  in 
separating  blasloniores  of  later  cli'a\-age  stages,  and  have 
variously  got  either  miniature  but  complete  embryos  from 
these  fractional  egg  parts,  or  on  tlie  other  liami  parts  of  embryos 
representing  ai)i)ari'ntly  the  pre<lelerniined  lievelopmental 
fate  of  tlw^  various  parts  of  the  <'gg.  To  list  briefly  a  few  of 
these  cases,  we  may  refer  to  the  development  of  partial  embryos 
from  si'iKirateil  (2-16  cell  sta^e)  lilastomeres  of  variotis  Cten- 
opliora.  and  the  similar  results  with  the  molluscs  Patella,  Den~ 
ttdiiim.  and  Ih/anaoita:  to  the  jirodiictinri  of  defective  larvie  by 
the  mtililiited  eggs  tif  Berae,  also  of  ascidians  and  of  BrAmiw: 
to  Oriujch's  distinction  Iwtwecn  ectoderm  and  endoderm  after 
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the  first  cleavage  of  Synapta,  and  the  cell  lineage  etudiea  of  zur 
Strassen  on  the  eggs  of  Aacarw  in  which  it  was  shown  that  a 
definite  status  of  outcome  for  each  blastomere  was  determined 
after  successive  early  cleavages.     All  these  results  seem  to  be 


good  evidence  for  preformation,  that  is,  for  a  predetermination 
of  the  role  each  part  of  the  egg  cell  is  to  play  in  development. 
Indeed,  Wilson  is  convinced  that  an  obvious  structural  differ- 
entiation (bands,  zones,  delimited  regions)  can  be  seen  in  the 
undeveloped  eggs  of  numerous  animab,  a  differentiation  corre- 
sponding to  structiu'al  di- 
vergence in  development. 

On  the  other  hand,  nu- 
merous results  of  experi- 
ment s{>cak  just  as  loudly 
against  preformation  or  pre- 
determination. Such  arc 
Herlitzka's  holf-sizcd  Triton 
embryos  from  the  two  sepa- 
rated   first    rleavagp    cells. 

Driesch's  two  half-sizi'd  anci  four  qnarler-.'*izod  sca-urchin  plutei 
from  the  n-lls  of  tlie  first  and  srr'ond  cleavages,  resix-ctively, 
his  eight  and  sixteen  small  gastruhe,  and  thirty-two  tiny  l>la.s- 
tulBP  fnim  the  separate  lila.'*tr»merrs  of  the  third,  fourth,  and 
fifth  cleavages  resjwctively ;  also  Zoya's  medusa  embryos  from 
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>;  C.  hrbrid  plur«u  o(  tb*  fmule 


Usstomeresi  of  the  two,  four,  eight,  aod  eren  ^ 
3  of  dcvelo[Mng  hydro-medusa  ^gs.     Loeb  i 

to  effect  the  buntiii^'dl 
the  membrane  of  se»- 
urchin  ^gs  and  the  cod- 
sequent  partial  escape 
or  prolruston  of  parts  of 
the  ^g  plasm  fonniog 
so  -  called  extra  -  ovates. 
Each  of  these  extra- 
ovates  began  develop- 
ment as  a  distinct  bias- 
tula,   the   remainder   of 

_________ the  egg  forming  another 

blastula  <Fig.  163). 
B  we  eee  that  expcrimcnud  work  has,  sa  far,  not  afforded 
.Alive  answer  to  the  general  query  proposed  by  the  i»e- 

formation  veratis  epigcn- 

esifl    problem.     But    at 

the    same    time    it     is 

obvious  that  the  results 

of  the  experimental 

method  are  of  extraor- 
dinary interest   and   of 

brilliant  promise.   What 

seems  to  be  revealed  so 

far,  is  that  the  animal 

^g    is     certainly    not 

rigidly  preformed;  that 

there    is    no     absolute 

predetermination  of  the 

fate  in  development  of 

each    part   of    the   egg 

stuff.      But    that    nor- 
mally in    most   eggs   a 

given   part   of   the  egg 

does  have  a  prospective 

definitive   fate,  so  that 

one-half  of  the  egg  may 

be  looked  on  as  corresponding  to  ono  particrilar  half  of  the 

future  organism.   However,  the  actual  potentiality  of  any  part 
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of  the  egg  is  not  limited  by  its  prospective  fate.  If  accident 
in  nature  or  ruthless  handling  in  the  experimenter's  labora- 
tory destroy  or  remove  part  of  the  egg,  the  remainder  has  a 
power  of  regulation  which  is  in  some  respects  the  highest 
and  most  important  kind  of  organic  adaptation  that  we  know. 

The  same  data  derived  from  the 
experimental  study  of  development,  to- 
gether with  data  got  from  the  experi- 
mental study  of  mature  and  even 
senescent  stages  of  various  organisms, 
constitute  our  chief  evidence  touching 
the  problem  of  mechanism  versus  vi- 
talism. This  problem  may  be  posed  in 
question  form  as  follows:  In  how  far 
can  so-called  vital  phenomena  be  ana- 
lyzed into  physicochemical,  or  mechan- 
ical phenomena?  Is  life  simply  an  in- 
teraction, very  complex  to  be  sure,  and 
so  far  largely  unanalyzed  and  hence  not 
directly  referable  to  specific  physico- 
chemical  causes,  between  substances  of 
particular  chemical  and  physical  struc- 
ture and  those  familiar  forms  of  energy 
known  to  us  in  the  physicochemical 
world,  or  is  it  the  result  or  manifestation 
of  an  extra  physicochemical  force  and 
set  of  conditions? 

When  the  sunflower  bends  its  face 
always  toward  the  sun,  we  do  not  at- 
tribute this  behavior  either  to  the  in- 
telligence or  the  instinct  of  the  plant. 
But  when  young  spiderlings  or  moth 
caterpillars  or  green  aj)hiclH  just  from 
the  egg  move  with  one  accord  toward 

the  liglit  side  of  the  glass  jar,  we  do  attribute  this  behavior  to 
animal  instinct  or  to  the  exercise  of  a  preference  or  choice. 
When  iron  filings  rush  toward  a  magnet  brought  sufficiently 
near  them,  we  liave  on  our  tongues' end  the  sufficient  explana- 
tion of  this  behavior  in  the  sine:le  word  "magnetism/'  Now 
the  biological  mechanist,  observing  that  in  all  these  cases 
there  is  a  certain  apparent  definite  relation  between  a  cause 


Fia.  163.  —  Extra  -  orates 
from  the  esgs  of  the  nea 
urchin,  Arinicia.  By  di- 
luting the  sea  water  the 
oamotio  pressure  bursts 
the  eat  membranes  so 
that  part  of  the  egg  plasm 
issues  and  forms  an  ex- 
tra-ovate.    (After  Loeb.) 


EVOLUTION   AXD  AXDlAl.  UFE 


Mid  an  effect,  presumes 
to  say  that  all  th(«c 
phenomena  may  be 
much  more  nearly 
the  same  sort  than  we 
are  aecustomed  to  con- 
sicier  liiem  to  be.  The 
biologieal  mechanists 
believe,  in  a  word,  that 
all  vital  phenomena 
will  in  last  analyas 
prove  to  be  truly  phys- 
ieochemical  phenom- 
ena; that  organiems 
show  in  their  reactions 
n<)  new  forces  or  prin- 
ciples,  but  that  their 
behavior  is  only  an  im- 
mensely complex  interplay  of  the  same  forces  and  activities 
already  known  to  us  in  the  inorganic  world. 

And  their  belief  is  not  wholly  without  some  basis  of  observed 
or  experimentally  proved  fact.  Many  of  the  simpler  so-called 
vital  phenomena,  especially  the  movements  of  the  simplest 
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and  even  the  more  complex  animals,  have  been  shown  to 
be  suggestively  like  motion  reactions  in  inorganic  nature.  The 
mechanists  analyze  many  of  the  so-called  instinctive  perform- 
ances  of  animals  into  rigorous  taxic  and  tropic  reactions  to 
speci&c  external  influences  or  stimuli.    Chemotaxis,  phototaxis. 


and  oxygen i)t ax ini,  hoUotropism,  geotropism,  thigmotropism, 
etc.,  are  the  riarnos  applieii  to  the  growth  or  motion  reactions 
of  organi.iins  or  their  pitrts,  conditioned  by  such  external 
jttiiiiuli  or  (-(mtnil-intliiences  as  light,  gnivil  at  ion,  contact,  the 
prescTK-e  of  oxygen  or  of  varioiiM  other  clii'mind  sulwtances. 
And  an  account  i)f  the  ingenious  c\i)crimcntation  which  lias 
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the  otker  faaad  it 
moR  be  said  that 
0am  xfruKC.  in  the 
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that  is,  the  befaavior 
oi  orsuuams — is  very 
smaD.  With  all  our 
heart  we  should  wel- 
come all  attonpts  to 
do  awav  with  ideas 
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DedioD  with  biologi- 

mechanists    should 
have  our  strong  sym- 
pathy and  our  nilling 
support,  but  to  join 
the  more  radical  of 
them  in  thrir  claim 
that  the  life  mystery 
is  already  solved  in  terms  of  physics  and  chemistry,  that  there 
in  no  lonfccr  any  vital   problem,  would  be  to  surrender  our 
ju(]Km<>nt  to  our  inclination. 

Any  fiiM<'ii>wion,  iKiwcver  brief,  of  ps[>eri  mental  work  in 
I'iolofcy  kIxiiiIi)  include  a  reference,  ut  Ira.'^t.  In  the  striking  and 
HilKKe«tiv»'  rcsuUti  that  have  l)een  nbtuinc"!  by  the  application 
of  the  experimental  method  to  the  investigation  of  the  problems 
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of  fertilization  and  parthenogenesis.  Jacques  Loeb  has  been 
the  most  active  worker  in  this  line  and  his  results  are  of  ex- 
treme interest.  He  has,  by  various  physical  or  chemical  treat- 
ment of  the  unfertilized  eggs  of  various  animals,  particularly 
certain  Echinoderms,  worms  and  fishes,  stimulated  these  eggs 
to  begin  development,  which  development  proceeds  either  nor- 
mally or  in  some  degree  abnormally  along  the  usual  path  reg- 
ularly followed  by  the  species.  But  in  all  cases  this  develop- 
ment falls  short  of  completion  and  in  many  cases  the  death  of 
the  embryo  occurs  at  a  very  early  stage.  Other  investigators 
have  similarly  induced  a  de-  ^-. 
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velopment  in  parthenogenetic 
eggs  of  animal  species  in 
which  parthenogenetic  devel- 
opment does  not  occur  nat- 
urally, or  at  least  is  very  rare. 
The  significance  of  these 
results  is  by  no  means  wholly 
clear.  Nor  do  the  investiga- 
tors who  have  done  the  work 
agree  among  themselves  as  to 
the  interpretation  of  the  re- 
sults. Loeb  first  inclined  to 
the  belief  that  the  stimuli 
which  incited  the  unfertilized 
egg  to  development  were 
physical,  osmotic  changes  be- 
ing looked  on  as  perhaps  the 
immediate  stimulus.  At  pres- 
ent he  seems  inclined  to  at- 
tribute the  stimuli  rather  to 

the  chemical  character  of  the  media  which  seem  to  incite 
the  parthenogenetic  development.  In  either  case  the  physi- 
cochemical  stimulus  is  considered  to  be  a  substitute  for  the 
spermatozoid.  That  it  is  a  substitute  in  some  degree,  is  obvi- 
ous; that  it  is  a  complete  substitute  for  it,  seems  equally 
obviously  not  true.  The  enihrvos  developed  by  artificial  par- 
theogcTH^sis  hick  at  least  two  fundamentally  inifxirtant  attri- 
})Utes  wiiich  tlie  young  of  l)ise\ual  parentage  possess:  namely, 
vigor  and  tlie  hereihty  of  th(»  father.  Tiie  lack  of  vigor  is 
sliown  by  their  deatii  before  maturity;  and  the  chromosomes 


Fio.  168. — Regeneration  of  the  flatworm* 
Planaria  luguhrit :  A,  shows  by  dotted 
line  where  the  worm  was  cut  in  two  length- 
wise ;  B,  C,  D,  show  how  a  half  that  was 
fed  regenerated  ;  E,  F,  O,  show  how  an 
unfed  half  regenerated.   (After  Morgan.) 
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or  other  nuclear  stuff  that  is  the  actual  carrier  of  the  paternal 
heredity  are  of  course  actually  wanting. 

Another  phenomenon  or  group  of  phenomena,  also  of  much 
special  interest  and  suggestiveness  to  students  of  develop- 
ment, to  which  the  experimental  method  has  been  successfully 
applied,  is  that  known  as  ''regeneration.''  The  familiar  repro- 
duction or  growth  of 
new  plants  from  cut- 
tings or  buds  is  par- 
alleled in  the  animal 
world  by  numerous 
similar  cases  less  fa- 
miliar but  neverthe- 
less long  known  by 
naturalists.  In  1740, 
Abb6  Trembley  made 
a  number  of  curious 
experiments  with  Hy- 
dm  J  whose  publication 
in  1744  was  the  begin- 
ning of  our  knowledge 
of  the  phenomena  of 
regeneration  in  ani- 
mals. If  Hydra,  the 
comnion  little  brown 
or  green  fresh-water 
polyp,  be  cut  up  into 
many  pieces,  each  of 
these  pieces  has  the 
power  to  grow  into  a 
new  complete  Hydra 
body  (Fig.  164).  We  know  now  that  numerous  other  animals 
have  also  this  radical  capacity  for  regeneration.  Certain  pro- 
tozoans, hydroids,  planarian  worms,  starfishes,  etc.,  can  re- 
generate as  freely  or  nearly  so  jus  Hydra  (Figs.  165-172).  And 
many  other  animals  representing  almost  all  tlu*  great  groups  of 
the  animal  kingdom  possess  in  sonu*  il(»gr('(\  at  least,  the  |K>wer 
of  regeneration.  Some  can  n»g(MHMate  only  lost  or  cut  ap|)cnd- 
ages,  others  even  less  fuiidaniental  |)arts  of  the  body;  some 
can  regenerate  only  in  thcMr  ininiatun*  stages;  othcTsonly  in 
the  earliest  embryonic  stages.     Hut  regeneration  and  *'regula- 


Fio.  160. — Regeneration  of  the  tail  and  limba  of 
the  lisards,  Lacerta  agilit  and  Triton  cuatatus: 
A,  Lacerta,  new  tail  arising  at  place  where  old  tail 
was  broken  partly  off;  B,  three-tailed  form,  two 
tails  having  a  common  covering,  all  these  parts 
being  regenerated  after  old  tail  was  cut  off;  C, 
TViCon,  additional  leg  pro<iuced  by  wounding  femur; 
D.  double  foot  produced  by  tying  thread  over  re- 
generating stump;  E,  F.  G,  regenerated  feet  of 
Triton  after  various  mutilations.   (After  Tarnier. ) 
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tion,"  as  certain  phases 
of  regeneration  are 
called,  are  the  property, 
in  some  degree  probably, 
of  moBt  animals. 

The  significance  of 
this  capacity  has  been 
long  recognized  as  of 
much  importance  in  our 
conceptions  of  the  germ 
plasm  character  and  dis- 
position, but  no  general 
agreement  regarding  it 
has  even  yet  been 
reached  by  biologists. 
More  and  better  under- 
stood facts  about  re- 
generation are  needed. 
And  this  need  it  seems 
to  be  the  province  of 
experimental  biology  to 
supply.  By  the  carry- 
ing on  of  ingeniously  planned  and  carefully  controlled  series 
of  experiments  with  re- 
generating animals,  we 
are  acquiring  a  great 
mass  of  important  data, 
and  the  interpretation 
and  generalization  of 
these  data  is  certain  to 
be  accomplished  in  the 
near  future. 

We  have  space  here 
to  call  attention  to  but 
one  of  the  ways  in  which 
an  understanding  of  the 
phenomena  of  regener- 
ation will  throw  light  on 
one  of  the  fundamental 
problems  in  develop- 
ment.    To    those  biolo- 
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i-vp  with  Weismann  that  there  is  a  sharp  liistinc- 
tlif  gtTiii  plftsm  (inii  tliL'  somatic  or  l)0(ly  plasm. 
s  germ  plasm  is  limited  to  the  germ  cells  and 
ucing  tracts,  the  regeneration  of  a  nearly  wholt 
.  considerable  part  of  a  body  from  a  region  which 
ude  a  germ  cell  presents  a  serious  obstacle.  But 
before  this  obstacle 
can  be  considered  as 
one  rendering  the 
germ  plaam  theorj' 
absolutely  untenable, 
it  is  necessary  to 
prove  what  the  re- 
generated parts  are 
composed  of.  Are 
they  composed  sim- 
ply of  repeated  simi- 
lar cells,  all  of  one 
tissue  type,  or  do 
they  include  other 
kinds  of  cells  or  tis- 
sues than  those  par- 
ticular kinds  from 
which  the  r^ener- 
ated  part  springs  T 
It  is,  of  course,  ad- 
mitted that  many, 
indeed  most  cells  of 
the  body,  can  repro- 
duce other  cells  like  themselves.  Now  is  it  a  fact  that  regen- 
erated parts  are  composed  of  different  kinds  of  cells?  As  a 
matter  of  fact  this  has  been  proved  to  be  so  by  observation 
and  by  experiment.  Numerous  instances  are  known  in  which 
body  cells  arising  originally  from  one  germ  layer  have  pro- 
duced in  the  course  of  regeneration  not  only  cells  like  them- 
selves, but  others  which  in  normal  development  could  only 
arise  from  another  germ  layer.  So  it  is  plain  that  the  study 
of  regeneration  has  already  done  much  to  modify  our  former 
conceptions  of  the  factors  and  conditions  of  development. 
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This  much  then  we  have  gained,  that  we  may  assert  without 
hesitation,  that  all  the  more  perfect  organic  natures,  such  as  fishes, 
amphibious  animals,  birds,  mammals,  and  man  at  the  head  of  the  list 
were  all  formed  upon  one  original  type  which  varies  only  more  or  less 
in  parts  which  are  none  the  less  permanent,  and  which  still  daily 
changes  and  modifies  its  form  by  propagation. — Goethe  (1796). 

In  a  suggestive  sentence,  Haeckel  speaks  of  our  knowledge 
of  the  line  of  descent  in  the  history  of  any  group  of  animals  or 
plants  as  being  derived  from  "three  ancestral  documents — 
morphology,  embryology,  and  paleontology." 

Of  these  three,  paleontology  is  at  once  the  most  certain  and 
the  most  incomplete.  Each  fossil  animal  is  a  record,  absolutely 
authentic,  so  far  as  it  goes,  admitting  of  no  doubt  or  question, 
but  for  the  most  part  yielding  only  a  very  little  of  the  truth 
involved  in  its  existence. 

For  no  animal  whatever  is  preserved  as  a  fossil  except  as 
the  result  of  an  unusual  combination  of  circumstances.  Only 
those  parts  which  are  themselves  hard,  calcareous,  silicious,  or 
horny,  with  rare  exceptions,  can  retain  their  form  in  the  rocks, 
and  even  these,  shells,  teeth,  bones,  and  the  like,  are  often 
crushed  or  distorted  so  that  their  actual  form  or  nature  may 
be  open  to  question.  In  addition,  only  the  minutest  fraction 
of  the  sedimentary  rocks  of  the  earth  has  bi^en  laid  bare  by 
artificial  excavation  or  by  natural  erosion,  and  thus  opened 
to  the  inspection  of  man,  and  the  number  of  fossils  actually 
observed  can  be*  onlv  the  most  trivial  fraction  of  a  fraction  of 
the  organisms  actually  existing  and  preserved. 

With  all  this,  the  liuman  race  has  in  the  past  shown  a 
singular  lack  of  insiglit  in  the  interpretation  of  animal  remains 
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found  in  the  stone.  As  Lyell  has  graphically  shown,  it  took 
one  hundred  and  fifty  years  of  dispute  and  argument  to  persuade 
even  learned  men  that  shells  and  teeth  in  the  rocks  were  actual 
remains  of  actual  animals,  and  another  hundred  and  fifty  years 
to  demonstrate  that  the  shell-bearing  rocks  were  not  masses 
of  debris  from  Noah's  flood.  Nothing  in  the  history  of  science 
is  more  tedious  than  the  arguments  directed  against  the  first 
students  of  fossils,  to  show  that  these  structures  were  mere 
sports  of  nature,  whimsicalities  of  creation,  or  freaks  developed 
in  the  fatty  matter  (materia  pinguis)  of  the  earth  by  the  en- 
tangling influence  of  the  revolving  stars. 

Notwithstanding  all  these  defects  in  material,  and  this 
stupidity  of  theory,  the  study  of  fossils  has  still  gone  on,  and 
by  its  means  we  are  able  to  delineate  with  large  certainty  the 
line  of  evolution  of  most  groups  of  animals,  and  the  nature  of 
faunal  relations  in  the  different  periods  of  geological  time. 
If  we  had  not  already  a  theory  of  evolution  by  derivation  of 
forms,  we  should  be  obliged  to  invent  one  in  face  of  the  facts  of 
paleontology.  In  Huxley's  words,  "fossils  arc  only  animals 
and  plants  which  have  been  dead  rather  longer  than  those 
which  died  yesterday/' 

Fossils  are  either  actual  remains  of  bones  or  other  parts 
preserved  intact  in  soil  or  rocks,  or  else,  and  more  commonly, 
parts  of  the  animals  which  have  been  turned  into  stone,  or  of 
which  stony  casts  have  been  made.  All  such  remains  buried 
by  natural  causes  are  called  fossils.  The  process  by  which 
they  are  sometimes  changed  from  animal  substance  into  stone 
is  called  petrifaction. 

Fossils  may  be  of  three  kinds.  In  the  case  of  recently 
extinct  animals,  bones  or  other  parts  of  the  body  may  become 
buried  in  the  soil  and  lie  there  for  a  lonp;  time  without  any 
change  of  organic  into  inorganic  matter.  Thus  fossil  insects 
are  found  with  the  bodies  preserved  intact  in  amber,  a  fossil 
resin  from  some  ancient  and  extinct  ])ine  tree.  Over  eight 
hundred  species  of  extinct  insects  are  kn()\\ii  from  amber 
fossils.  The  bones  of  the  earliest  nieml)ers  of  the  elephant 
family,  the  t(H:»th  of  extinct  sharks,  the  shells  of  extinct  moUusks 
and  fragments  of  buried  lop:s,  are  also  often  found  intact,  still 
composed  of  their  original  matter. 

In  the  second  kind  of  fossils  the  orip:inal  or  organic  matter 
is  gone,  the  organic  form  and  organic  structure  being  preserved 
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natter.     That   is,   the   organic   matter  has   been 

„ii<i  exuctly  replaced  by  mineral.     As  i-acli  purtivle  of 

ic  substance  passed  away  by  decay,  its  place  was  taken 

particle  of  mineral  matter.     Such  fossils  are  called  petri- 

ns.     This  is  beautifully  shown  in  the  case  of  petrified 

.     We  can  cut  and  grind  thin  a  bit  of  petrified  wood,  and 

n  it,  with  a  microscope,  the  exact  details  of  its  original 

cellular  structure.     This  substituted  mineral  matter  n 

«ne  of  several  mineral'),  but  usually  it  is  silica  (quartz)  or 

•onate  of  Hme  (limestone)  or  suljihide  of  iron  (iron  pjTites). 

He  case  of  animal  parts  whicli  were  originally  partly  organic 

partly  inorganic,  as  bones  anil  teeth  and  shells,  often  only 

organic    matter   is   replaced   l)y   the   petrifj-ing   mineral, 

ugh  sometimes  the  old  inorganic  matter  is  also  replaced. 

y,  sometimes  the  organic  matter  and  organic  structure 

uotii  lost,  only  the  original  outline  of  form  of  the  whole 

t  being  retaineti.     This  occurs   when  the  organic  matter 

luioeddcd   in   mud  and  clay  decays   away,    leaving  a  hollow 

which  is  filled  up  by  some  mineral  different  from  the  matrix. 

In  this  case  the  fossil  is  simply  a  cast  of  the  original  organic 

remains. 

Some  traces  even  of  the  finest  organisms  occsaonally 
appear. 

"Conditions  have  sometimes  permitted  even  the  most  delicate 
structures,  such  as  insects'  wings  and  the  impressions  of  jellyfiahea 
to  become  retained  in  the  soft  mud,  which  afterwards  became  solidi- 
fied. Localities  famous  the  world  over  for  the  beauty  and  delicacy 
of  their  foaail  remains  are  the  lithographic  stone  quarries  of  Bavaria 
and  certain  beds  in  France  "  (Eastman). 

These  deposits  were  perhaps  formed  in  the  clear,  quiet  waters 
of  a  coral  lagoon. 

Examination  and  study  of  the  rocks  of  the  earth  reveal  the 
fact  that  fossils,  or  the  remains  of  animals  and  plants,  are 
found  in  certain  kinds  of  rocks  oidy.  They  are  not  found  in 
lava,  because  lava  comes  from  ^'olcanoes  and  rifts  in  the  earth's 
crust,  as  a  red-hot,  viscous  liquid,  which  cools  to  form  a  hard 
rock.  No  animal  or  plant  caught  in  a  lava  stream  will  leave 
any  trace.  Furthermore,  f€)ssils  are  not  foimd  in  granite,  nor 
in  ores  of  metals,  nor  in  certain  other  of  the  common  rocka. 
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Many  rocks  are,  like  lava,  of  igneous  origin;  others,  like 
granite,  although  not  originally  in  melted  condition,  have  been 
8o  heated  subsequent  to  their  formation,  that  any  traces  of 
animal  or  plant  remains  in  them  have  been  obliterated.  Fossils 
are  found  almost  exclusively  in  rocks  which  have  been  formed 
by  the  slow  deposition  in  water  of  sand,  clay,  mud,  or  lime. 
The  sediment  which  is  carried  into  a  lake  or  ocean  by  the 
streams  opening  into  it  sinks  slowly  to  the  bottom  of  the  lake 
or  ocean  and  forms  there  a  layer  which  gradually  hardens  under 
pressure  to  become  rock.  This  is  called  sedimentary  rock,  or 
stratified  rock,  because  it  is  composed  of  sediment,  and  sedi- 
ment always  arranges  itself  in  layers  or  strata.     In  sedimentary 
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or  stratified  rocks  fossils  are  found.  The  commonest  rocks  of 
this  sort  are  limestone,  sandstone,  and  shales.  Limestone  is 
formed  chiefly  of  carbonate  of  lime;  sandstone  is  cemented 
sand ;  and  shales,  or  slaty  rocks,  are  formed  chiefly  of  clay. 

The  formation  of  sedimentary  rocks  has  been  going  on  since 
land  first  rose  from  the  level  of  the  sea;  for  water  has  alwavs 
been  wearing  away  rock  and  carrying  it  as  sediment  into  rivers, 
and  rivers  have  always  been  carrying  the  worn-oflf  lime  and 
sand  and  clav  downward  to  lakes  and  oceans,  at  the  bottoms 
of  which  the  particles  have  l>een  piled  up  in  layers  and  have 
formed  new  rock  strata.  But  geologists  have  shown  that  in 
the  course  of  the  earth's  liistory  there  have  been  great  changes 
in  the  position  and  extent  of  land  and  sea.  Sea  bottoms  have 
])een  fold(»d  or  upheaved  to  form  dry  land,  while  regions,  once 
land,  liave  sunk  and  ])een  covere<l  by  lakes  and  seas.     Again, 

through  great  foldings  in  the  cooling  crust  of  the  earth,  which 
20 
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spresaion  at  one  point  and  elevation  at  anotlior, 

jnip  ocean  and  ocean  land.     And,  in  the  alnio!it 

period  of  time  wliich  has  passed  since  tlie  tarlli 

rom  its  hyimt  lietiral  oondition  of  nebulous  vapor 

.  of  land  covered  with  water,  such  changes  have 

'.a  over  and  over  again.     They  have,  however,  mostly 

jlace  sKiwIv  and  gradually.    The  prindpal  seat  of  great 
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change  is  in  the  regions  of  mountain  chains,  which,  in  most 
cases,  are  simply  the  remains  of  old  folds  or  wrinkles  in  the 
crust  of  the  earth. 

When  an  aquatic  animal  dies,  it  sinks  to  the  bottom  of  the 
lake  or  ocean,  unless,  of  course,  its  flesh  is  eaten  by  some  other 
animal.  Even  then  its  hard  parts  will  probably  find  their 
way  to  the  bottom.  There  the  remains  will  soon  be  covered  . 
by  the  always  dropping  sediment.  Tliey  are  on  the  way  to 
become  fossils.  Some  land  animals  also  might,  after  death, 
get  carried  by  a  river  to  the  lake  or  ocean,  and  find  their  way 
to  the  bottom,  where  they,  too,  will  become  fossils,  or  they 
may  die  on  the  banks  of  the  lake  or  ocean  and  their  bodies  may 
get  buried  in  the  soft  mud  of  the  shores.  Or,  again,  they  are 
often  trodden  in  the  mire  about  salt  s))rings  or  submerged  in 
quicksands.  It  is  obvious  that  aquatic  animals  are  far  more 
likely   to   be   preserved   as   fossils   than   land   animals.     This 
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inference  is  strikingly  proved  by  foseil  remains.  Of  all  the 
thousands  and  thousands  of  kinds  of  extinct  insects,  mostly 
land  animals,  comparatively  few  specimens  are  known  as  fossils. 
On  the  other  hand,  the  shell-bearing  moUusks  and  crustaceans 
are  represented  in  almost  all  rock  deposits  which  contain  any 
kind  of  fossil  remains. 

It  is  obvious  that  any  portion  of  the  earth's  surface  covered 
by  stratified  rocks  must  have  been  at  some  time  under  water, 
the  bottom  of  a  lake  or  ocean.  If  now  this  portion  shows  a 
series  of  layers  or  strata  of  different  kinds  of  sedimentary  rocks, 
it  is  evident  that  it  must  have  been  under  water  several  times, 
or  at  least  under  different  conditions.  It  is  abo  evident  that 
fossils  found  in  this  portion  of  the  earth  will  contain  remains 
of  only  those  animals  which  were  living  at  the  various  times 
this  portion  of  the  earth  was  under  water.  Of  the  animals 
which  lived  on  it  when  it  was  land  there  will  be  no  trace, 
except,  possibly,  a  few  land  or  fresh-water  forms,  which  might 
be  swept  into  the  sea  or  might  be  preserved  in  the  mud  of  ponds. 


Th;il  is,  instead  of  finding  in  the  PlratifiwI  rocks  of  any  portion 
of  the  L'iirtli  roniflins  of  all  the  animals  which  have  lived  on  that 
jM)rtion  since  ihc  ciirth  began,  wo  shall  find,  at  besl,  only  ro- 
iHJiitis  of  a  few  kinds  of  those  aiiinialpt  which  have  lived  on  this 
l»orlii)Ti  of  the  earth  when  il  wtis  covered  by  the  ocean  or  by  a 
Krciii  lake. 

Thus.  I  Ik-  great  iMxiy  of  fossil  remains  of  animals  reveal  only 
a  broken  and  incomplete  history  of  the  animal  life  of  the  pa.st. 
Hut  the  record,  so  far  as  it  goes,  is  an  absolutely  truthful  one. 
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and  when  the  many  deposits  of  fossils  in  all  parts  of  the  difFerent 
continents  are  examined  and  compared,  it  is  possible  to  state 
nunerous  general  truths  in  regard  to  past  life  and  the  suc- 
cession of  animals  in  time.  The  science  of  extinct  life  is  known 
as  paleontology. 

The  study  of  paleontology  has  revealed  much  of  the  history 
of  the  earth  and  its  inhabitants  from  the  first  rise  of  the  land 
from  the  sea  till  the  present  era.  This  whole  stretch  of  time 
— how  long  no  one  can  guess — is  divided  into  eras  or  ages;  these 
ages  usually  into  lesser  divisions  called  periods,  and  the  periods 
into  shorter  lengths  of  time  called  epochs.  Each  epoch  is 
more  or  less  sharply  distinguished  from  every  other  by  the 
different  species  of  animals  and  plants  which  lived  while  its 
rocks  were  being  deposited.  In  the  earth's  crust,  where  it  has 
not  been  distorted  by  foldings  and  breaks,  the  oldest  stratified 
rocks  lie  at  the  bottom  of  the  series,  and  the  newest  at  the  top. 
The  fossils  found  in  the  lowest  or  oldest  rocks  represent,  there- 
fore, the  oldest  or  earliest  animals,  those  in  the  upper  or  newest 
rocks  the  newest  or  latest  animals. 

An  examination  of  a  whole  series  of  strata  and  their  fossils 
shows  that  what  we  call  the  most  specialized  or  most  highly 
organized  animals  did  not  exist  in  the  earliest  epochs  of  the 
earth's  history,  but  that  the  animals  of  these  epochs  were  all 
of  the  simpler  or  lower  kinds.  For  example,  in  the  earlier 
stratified  rocks  there  are  no  fossil  remains  of  the  backboned 
or  vertebrate  animals.  When  the  vertebrates  do  appear, 
through  several  geological  epochs  they  are  fishes  only,  members 
of  the  lowest  group  of  backboned  animals.  More  than  this, 
they  represent  generalized  types  of  fishes  which  lack  many  of 
the  sjKJcial  adaptations  to  marine  life  that  modern  fishes  show. 
For  this  reason  they  bear  a  greater  resem])lance  to  the  earlier 
reptiles  than  do  the  fishes  of  to-day;  in  other  words,  they 
were  a  generalized  type,  showing  the  beginnings  of  characters 
of  their  own  and  other  types.  It  is  always  through  general- 
ized tyi)es  that  great  classes  of  animals  approach  each  other. 

In  a  later  ejx)ch  the  batrachians  or  amphibians  ap|)eared; 
in  a  still  later  jxTiod,  the  re|)tiles:  and  last  of  all,  the  birds  and 
the  mammals,  the  last  being  the  highest  of  the  backboned 
animals.  The  following  tai)l(»  gives  the  names  and  succession 
of  the  various  geological  |)eriods,  and  indicates  briefly  some 
of  the  kinds  of  animals  living  in  each.     In  each  of  these  di- 
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Eras  or 
Periods. 


Cenozoic. 

Era  of 
Mammaltf. 


Mesozoic. 

Era  of 
Reptiles. 


Paleozoic. 

P'.ni  of 

Invert  ebrutes. 


Aocs  OR  Systems. 


I  Animals  Espectaxxt  Characteristic 
or  THE  Era  or  Age. 


Quaternary  or  Pleis- 
tocene (age  of  man 
and  insects) 

Tertiary:  Pliocene, 
Miocene,  Eocene. . .  . 


Cretaceous. 


Jurassic 


Triassic 


rarlx)niferous  (age  of 
amphibians) 


Devonian      (age      of 
fishes) 


Silurian  (age  of  inver- 
tebrat«i8) 


Onlovician  or  Lower 
Silurian 


Man;   mammals,  mostly  of  spe- 
cies still  living. 

Mammals  abundant;  beloiiging  to 
numerous  extinct  families  and 
orders. 


Birdlike  reptiles;  flying  reptiles; 
toothed  birds;  first  snakes;  bony 
fishes  abound;  sharks  again 
numerous. 

First  birds;  giant  reptiles;  ammo- 
nites; clams  and  snails  abun- 
dant. 

First  mammals  (a  marsupial); 
sharks  reduced  to  few  forms; 
bony  fishes  appear. 


^Earliest  of   true  reptiles.     Am- 
phibians;   lung  fishes;    fringe 
tins;  first   crayfishes;    insects 
abundant;  spiders;  fresh-wa- 
ter  mussels. 
First  amphibian   (froglike  ani- 
mals); sharks;  ostracophores; 
first  land  shells  (snails);  mol- 
[      lusks  abundant;  first  crabs. 
I  First    truly   terrestrial    or   air- 
1      breathing   animals;    first   in- 
I      sects ;  corals  abundant ;  mailed 
I      fishes. 

f  First  knoi^Ti  fishes,  ostraco- 
j  phon»s,  mailed  and  with  carti- 
i  taginous  skeleton;  brachio- 
l  pods;  trilobites,  mollusks,  etc. 
Cambrian Invertebrates  only. 


AnlMMin.  Ateonkian.      Uuren-    ^j^^  ,^  ^^,^^,  invertebrates. 

tiaii ' 


visions  of  ^oolo^iciil  time  some  one  elas.s  of  animals  wius  espe- 
cially numerous  in  s|H»eies,  and  was  evidently  the  dominant 
grouj)  of  animals  through  that  i>erio(l.  The  different  apes  are 
therefore  spoken  of  in  terms  of  the  prevailing  life.  Thus,  the 
"Silurian  Ape"  is  known  as  the  age  or  era  of  invertebrates; 
tlie  ''Devonian/'  as  the  age  of  fishes.  In  the  same  way  we 
liave  the  "Reptilian  Ape,"  the  "Mammalian  Age,"  according 
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to  the  great  class  of  animals  jiredominating  at  that  time.  Of 
course,  in  each  of  the  later  epochs  there  (ived  animals  represent- 
ing the  principal  clojises  or  groujts  in  all  of  the  prceethng  onw. 
08  well  as  the  animals  of  that  particular  group  which  may 
have  first  appeared  in  this  epoch,  or  was  its  dominant  group 


Pro.  177,— Rffllon 


In  the  study  of  fossils  not  only  is  it  neceasary  for  us  to 
consider  [)ii?  actual  forms  unti  stniclures  and  the  species  they 
represent,  but  we  should  so  far  aa  p<j»siljle  reconatiutt  the  con- 
ditions under  which  the  organisms  were  ahve,  and  the  threads 
of  genealogy  which  connect  those  of  one  period  with  those 
which  precede  or  follow  them.  By  such  studies  as  these  we  are 
brought  close  to  a  consideration  of  the  method  of  creation,  and 
to  a  knowledge  not  only  of  the  origin  of  species  but  to  the 
causes  underlying  the  divergence  of  the  great  trunks  of  animal 
and  plant  life. 

"In  youth,"  says  Dr.  A.  S.  Packard,  "the  older  naturalists  of  the 
present  generation  were  taught  the  doctrine  of  creation  by  sudden, 
cataclyamal,  mechanical  creative  acts,  and  those  to  whose  lot  it  fell 
to  come  into  contact  with  the  ultimate  fai:ts  and  principles  of  the  new 
biolo^  had  to  unlearn  this  view,  and  gradually  tu  work  out  a  larger, 
more  profound,  wider  rcacliing  and  more  philusopliic  conception  of 
creation." 

An  early  paleontologist,  Dr.  A.  Gaudry,  utters  these  sug- 
gestive words: 

"We  cannot  refrain  from  looking  with  curious  admiration  upon 
the  innumerable  creatures  that  have  become  preserved  to  us  from 
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the  earth's  early  dayB  and  calling  them  to  life  again,  and  in  our  imagina- 
tion we  ask  these  ancient  inhabitants  of  the  earth  whence  they  were 
derived  :  'Speak  to  us  and  say  whether  you  are  isolated  remnants 
disseminated  here  and  there  throughout  the  immensity  of  the  ages, 
without  order  more  comprehensible  to  us  than  the  scattering  of  flowers 
over  the  prairie?  Or  are  you  in  verity  linked  one  to  another  so  that 
we  may  yet  be  able  amid  the  diversity  of  nature  to  discover  the  in- 
dications of  a  plan  wherein  the  Infinite  has  stamped  the  impression  of 
His  unity? '  The  imraveling  of  the  plan  of  creation — this  is  the  goal 
to  which  our  efforts  now  aspire.  Whatever  our  theories  as  to  it," 
Gaudry  continues,  "there  is  a  plan.  A  day  will  come  when  the 
paleontologists  will  seize  the  plan  which  has  presided  over  the  de- 
velopment of  life." 

This  plan  is  found  in  the  phenomena  of  organic  evolution, 
the  interrelation  of  the  different  factors  or  forces  of  heredity, 
variation,  adaptation,  fecundity,  with  the  conditions  of  isola- 
tion of  forms  and  the  relations  of  environment.  In  the  study 
of  these  details,  we  receive  great  light  from  the  investigation 
of  comparative  structure,  and  the  forces  and  processes  of 
individual  development.  These  are  Hacckel's  ancestral  docu- 
ments of  morphology  and  embryology,  but  all  theory  finds  its 
final  verification  in  its  accord  with  the  facts  of  paleontology, 
the  recorded  evidence  of  succession  in  time. 

Among  the  general  deductions  from  paleontology  are  the 
following: 

The  various  primary  groups  or  branches  of  the  animal 
kingdom  as  well  as  tiie  principal  classes  are  all  very  old,  most 
of  them,  the  vertebrates  excepted,  appearing  in  the  earliest 
known  fossil iferous  rocks.  It  is,  how^ever,  evident  that  these 
rocks,  LowcT  Silurian  or  Ordovician  and  Cambrian,  are  very 
far  from  the  actual  beginning  of  life. 

In  each  group  tlic  earliest  forms  arc  relatively  simple, 
unsp(»ciiiliz('d,  and  as  a  rule  marine.  Many  of  them  are  em- 
bryonic types,  that  is,  forms  morphologically  comparable  to 
the  embryos  of  forms  of  later  appearance.  To  such  forms, 
th(»  less  a|)pr()|)ri:ite  term  of  '*j)r(r|)hetic  types"  has  been  aj)- 
plied.  M:iny  of  the  earher  forms  arc  of  synthetic  typos, 
that  is,  enil)racing  eluiraetiM's  distinctive  of  different  diver- 
gent groups.  Sueli  syntlietie  types,  when*  the  resemblances 
are  shown   to   be  indicative  of  real   homology,  are    now   re- 
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garded  as  indicative  of  the  actual  ancestry,  from  which  the 
later  types  have  diverged. 

The  persistence  of  heredity  is  the  basis  of  the  parallelism 
between  geological  and  embryonic  series.  By  its  influence 
ancestral  traits  are  repeated  in  the  embryo,  even  though  the 
characters  thus  produced  give  way  in  later  development  to 
further  specialization  or  growth  along  other  lines.  This  great 
truth  has  been  stated  in  these  words:  "The  life  history  of  the 
individual  is  an  epitome  of  the  life  history  of  the  group  to 
which  it  belongs."  This  statement  is  only  true  when  stated 
very  broadly,  for  there  are  many  exceptions  or  modifications. 
The  embryonic  or  larval  animal  is  subject  to  almost  endless 
secondary  changes  and  adaptations  whenever  these  changes 
are  for  the  advantage  of  the  animal.  In  general,  the  simpler 
the  structure  of  the  animal  and  the  less  varied  its  relations  in 
life,  the  more  perfectly  are  these  ancient  phases  of  heredity 
preserved  in  the  process  of  development.  In  such  case,  the 
more  perfect  is  the  parallelism  between  the  development  of 
the  individual  and  the  succession  of  forms  in  geologic  time. 

It  is  not  always  true  that  the  recent  representatives  of  a 
group  are  higher  in  a  morphological  sense  than  some  or  all  of 
the  earlier  members.  They  are,  however,  in  all  cases  farther 
from  the  original  or  parent  stock.  In  many  groups  there  is  a 
progress,  seemingly  rapid,  toward  a  high  degree  of  speciaUza- 
tion  followed  by  the  disappearance  of  the  highly  organized 
types,  while  forms  of  low  development — sometimes  even  those 
of  primitive  character — may  remain  in  abundance.  The  evolu- 
tion of  the  group  of  Brachiopods  is  an  illustration  of  this.  The 
group  is  represented  in  the  I^ower  Silurian  by  numerous  genera 
of  simple  structure,  as  Lin{fida,  Terebratula  and  the  hke.  It 
culminates  in  the  Carboniferous  age  with  complex  genera  as 
Spirifer,  Prodiwtics,  Orthis,  while  the  modern  representatives 
LingulclUi,  Terebratulina,  Waldheimia,  etc.,  are  little  more  ad- 
vanced than  the  primitive  forms.  Similar  pliases  have  charac- 
terized the  api)earance,  culmination,  and  relative  extinction 
of  the  trilobites,  the  crinoids,  the  aninionitos,  and  other  groups. 
The  total  extinction  of  any  larpo  group  has  not  usually  taken 
place.  Usually  a  few  species  have  remained,  tlius  giving  us  a 
better  clew  to  tlie  life  history  and  di'vclopniont  of  the  group 
than  we  sliould  otherwise  ])()ssrss. 

One  feature  shown  in  many  jrroups  of  extinct  animals  has 
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never  received  accurate  definition  or  interpretation.  The 
group  may  appear  in  a  series  of  relatively  simple  forms,  showing 
affinities  with  some  type  from  which  it  may  have  diverged. 
These  early  genera  will  be  succeeded  in  the  rocks  by  others, 
arranged  progressively  so  as  to  form  a  series  apparently  mov- 
ing in  a  certain  direction.  Each  genus  successively  following 
in  time,  will  perhaps  show  a  greater  and  greater  emphasis  on 
some  one  group  of  characters,  a  greater  and  greater  specializa- 
tion in  some  one  direction.  Arranging  the  genera  in  series,  it 
looks  as  if  there  were  a  definite  line  of  variation  shown  in  their 
gradual  succession.  These  phenomena  have  been  shown  in 
various  groups  of  reptiles  and  fishes,  and  especially  well  in  the 
evolution  of  the  extinct  order  of  ammonites.  These  animals, 
allied  to  the  living  nautilus,  lived  in  coiled  chambered  shells 
which  gradually  assumed  great  complication  of  form  and  orna- 
mentation. The  extreme  of  this  course  of  evolution  was  fol- 
lowed by  corresponding  progressive  degeneration.  In  some 
cases,  this  condition  continues  to  the  present  time.  More 
frequently,  the  specialization  along  the  original  lines  continues 
to  a  certain  point,  to  be  followed  by  the  progressive  degenera- 
tion and  perhaps  the  ultimate  loss  of  the  very  same  structures 
in  which  the  high  degree  of  specialization  has  prevailed. 

To  phenomena  of  this  kind,  the  term  determinate  varia- 
tion or  orthogenesis  has  been  applied.  This  phrase  seems  to 
involve  the  theory  that  the  evolution  has  gone  forward  toward 
some  predetermined  end,  or  that  in  some  way  only  variations 
leading  toward  this  end  have  existed  or  at  least  have  been 
able  to  maintain  themselves.  It  is  possible,  however,  that  the 
cause  may  be  found  in  the  influence  of  some  phase  of  environ- 
ment, whicii  directs  the  course  of  natural  selection  continuously 
along  a  certain  lino.  A  reversal  of  selection  would  be  naturally 
followed  by  a  degeneration  of  the  structures  developed  to  a 
point  beyond  the  need  of  the  animal. 

It  is  plain  that  much  is  to  be  learned,  especially  in  regard  to 
the  relationships  existing  among  living  animals,  by  a  study  of 
those  of  the  past.  A  comparison  of  certain  of  the  ancient 
reptiles  with  the  long-tailed  Archiropteryx  (Fig.  178)  and  other 
tootluMl  birds  sliows  that  the  birds  and  reptiles  were  once 
scarcely  distinguishable,  although  now  so  very  different.  Birds 
have  feat  hers,  re|)tiles  do  not;  but  there  is  scarcely  any  other 
])erinanent    difTcreiice.      Fossils  .show  a  similar  close  relation 
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libians  and   fishes.     A  study   of  these  ancient 

u'ows  light  on  many  conditions  of  structure  in 

[s,  otherwise  difficult  to  understand.     An  exam- 

t  is  found  in  the  splint  bones  of  the  modern 

179). 

laci  unquestionable  that  a  specit^  will  change  on  its 

Hg  little  by  little  with  the  lapse  of  time  and  the  slow 

conditions  of  selection.    Nations  change,  languages 

cusioms  change,  nothing  is  secure  against  the  tooth  of 


<j.  178. — Ancient  bird  with 

Uryx  tUAogratAica.  from  the  Ji 
Omn.) 


time.  This  ia  in  general  true,  because  with  time,  alteration  of 
environment  takes  place,  events  happen,  there  is  an  alteration 
of  the  stress  of  life  and  with  this  alteration  all  life  may  be  acted 
upon. 

That  time-mutations  in  all  forms  of  life  do  take  place  is 
beyond  question,  and  some  have  regarded  these  slow  changes 
as  the  chief  agency  in  the  formation  of  species.  But  the 
current  of  life  does  not  flow  in  straight  lines  nor  in  an  even 
current.  Species  are  torn  apart  by  obstacles,  as  streams  are 
divided  by  rocks,  and  the  rapidity  of  tlicir  formation  is  pro- 
portioned to  the  size  of  the  olwtacic  and  the  alternations  it 
produces  in  the  flow  of  life. 

We  have  some  basis  for  the  estimate  of  the  duration  of  a 
species.     When   the  great  glacial   l.akc   Bonneville  occupied 
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the  basin  of  the  Great  Salt  Lake,  the  same  sp)ecies  of  fishes 
and  insects  were  found  in  all  its  tributaries.  Now  that  these 
streams  flow  separately  into  a  lifeless  lake,  the  same  species 
of  fishes  occur  in  them  for  the  most  part  without  alteration. 
One  species  of  sucker  (Catostamus  ardens)  and  one  chub  {Leuci^" 
CU8  lineatua)  are  found  imaltered  throughout  this  region  and 
in  the  Upper  Snake  River  (above  Shoshone  Falls),  into  which 
Lake  Bonneville  was  once  drained.  Other  species  are  left 
locally  isolated,  but  one  species 
only  {Agosia  adobe)  y  a  small 
minnow  of  the  clay  bottoms, 
can  be  shown  to  have  imder- 
gone  any  alteration.  But  with 
the  tiger  beetles  {CicindelcB) 
a  large  number  of  species 
have  been  produced  by  sepa- 
ration. 

From  the  Bay  of  Panama 
374  species  of  fishes  are  re- 
corded in  the  recent  mono- 
graph of  Gilbert  and  Starks. 
Of  these  species,  204  arc  re- 
corded also  from  the  Gulf  of 
California,  while  perhaps  fifty 
others  are  represented  in  the 
more  northern  bay  by  closely 
related  forms.  Comparing  the 
fish  faunas  separated  by  the 
isthmus,  we  find  the  closest 
relation  possible  so  far  as 
familios  and  genera  are  con- 
cerned. In  this  respect  the  resemblance  is  far  closer  than 
that  hotwoen  Tananui  and  Chile,  or  Panama  and  Tahiti,  or 
Panama  and  southern  California.  On  the  Atlantic  side,  simi- 
lar conditions  ol)tain,  although  the  number  of  genera  and 
s|MH*i(\s  is  far  greater  (about  1,2()0  species)  in  the  West  Indies 
than  at  Panama.  This  fact  accords  with  the  much  larger  ex- 
tent of  the  West  Indies,  its  varied  groups  of  islands  isolated 
by  deep  channels,  and  its  near  connection  to  the  faunas  of 
Brazil  and  the  United  States. 

lint  it  is  also  noteworthv  that  while  the  families  of  fishes 


Fia.  179. — DtacramB  showing  the  leriM 
of  changes  in  geological  time  from  a 
horse's  foot  of  four  separate  toes  (/)  to 
one  of  one  toe  and  a  pair  of  splint 
bones  (a);  a-/  represent  the  feet  of  dif- 
ferent horselike  animals  from  modern 
time  backward. 
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are  almost  identical  on  the  two  shores  of  the  isthmus  of  Panama, 
and  the  great  majority  of  the  genera  also,  yet  the  species  are 
almost  wholly  different. 

Taking  the  enumeration  of  Gilbert  and  Starks,  we  find  that 
out  of  374  species,  43  are  found  apparently  unchanged  on  both 
sides  of  the  isthmus;  265  are  represented  on  the  Atlantic  side  by 
closely  related  species — ^in  most  cases  the  nearest  known  relative 
of  the  Pacific  species — ^while  64  have  no  near  analogue  in  the 
Atlantic.  Of  the  latter  group,  some  find  their  nearest  relative 
to  the  northward  or  southward  along  the  coast,  and  still  others 
in  the  islands  of  Pol3mesia. 

The  almost  unanimous  opinion  of  recent  students  of  the 
isthmus  faunas  finds  expression  in  the  following  words  of  Gilbert 
and  Starks  ("  Fishes  of  Panama  Bay,"  p.  205): 

"The  ichthyological  evidence  is  overwhelmingly  in  favor  of  a 
former  open  communication  between  the  two  oceans,  which  must  have 
become  closed  at  a  period  sufficiently  remote  from  the  present  to 
have  permitted  the  specific  diflfereiitiation  of  a  very  large  majority  of 
the  forms  involved.  That  this  different iat ion  progressed  at  widely 
varying  rates  in  different  instances,  becomes  at  once  apparent.  A 
small  minority  (43)  of  the  s|)ecies  (11  per  cent  of  the  sj)ecies  found  on 
the  Pacific  side;  about  2.5  of  the  combined  fauna)  remain  wholly 
unchanged  so  far  as  we  have  Ix^en  able  to  determine  that  point.  A 
larger  number  have  become  distinguished  from  their  representatives 
of  the  opposite  coast  by  minute,  but  not  'trivial'  differences,  which 
are  wholly  constant.  From  such  representative  forms  we  pass  by 
imperceptible  gradation  to  species  much  more  widely  separated,  whose 
immediate  relation  in  the  past  we  cannot  confidently  affirm.  .  .  . 

"It  is  obvious,  however,  that  the  striking  resemblances  between 
the  two  faunas  are  shown  as  well  by  slightly  divergent  as  well  as  by 
identical  species,  and  the  evidence  in  favor  of  intcroceanic  connection 
is  not  weakened  by  an  increase  in  the  one  list  at  the  ex|)en8e  of  the 
other.  All  e\idence  concurs  in  fixing  the  date  of  that  connection  at 
some  time  prior  to  the  Pleistocene,  probably  in  the  early  Miocene. 
When  geological  data  shall  be  adequate  definitely  to  determine  that 
date,  it  y>^\\  give  us  the  best  known  measure  of  the  rate  of  evolution  in 
fishes." 

From  this  discussion,  it  is  probable  that  oven  in  isolation 
some  species  change  very  slowly,  that  with  similar  conditions 
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the  changes  within  isolated  groups  of  &  species  may  be  parallel, 
and  that  tlie  specific  changes  in  different  groups  may  progress 
with  very  different  degrees  of  velocity. 

The  earliest  known  vertebrate  remains  are  found  in  rocks  of 
tlie  Ordovician  age,  approximately  of  the  epoch  known  as 
Trenton,  at  Cailon  City,  in  Colorado.  These  remains  consist 
of  broken  bits  of  bony  shields  of  mailed  fishes  or  fishlike  forms 
known  as  Ostracophores.  With  these  are  fragments  of  scales, 
which  seem  to  belong  to  more  specialized  forms.  It  is  evident 
that  these  remains,  as  well  as  the  remains  of  sharks  which 


appear  later  in  the  Upper  Silurian,  by  no  means  reveal  the 
actual  first  existence  of  vertebrates. 

The  sharks  which  appear  in  the  I'pper  Silurian,  although 
certainly  primitive,  even  as  compared  with  later  sharks,  are 
very  far  from  the  simplest  even  of  known  vertebrates.  There 
seems  to  I>e  good  reason  for  the  view  that  the  vertebrate  type  of 
animal,  with  the  nervous  cord  along  the  back  and  the  ahmentary 
canal  marked  by  gill  slits,  was  at  first  soft-bodied  and  worm- 
like,  ill  fact,  derived  from  a  wormlike  ancestry,  and  that,  prior 
to  the  Ordovician  and  Silurian  time,  it  was  devoid  of  hard 
parts.  The  early  sharks  have  teeth,  and  rough  skin,  fins,  and 
somelinies  fin  spines,  all  sn.scpptible  of  preservation  in  the 
rocks.  cvi'H  thoiinh  the  skeleton  was  soft  and  cartilaginous. 
The  Ostracophores,  some  of  which,  at  least,  seem  to  be  modified 
sharks,  had  no  internal  hard  parts,  but  were  protected  by  an 
exlernal  loat  of  mail,  |M'rhaps  formed  of  coalescent  prickles  or 
scales. 

Fnim  the  sharks  were  diiubtlcss  descended  the  group  of 
Fringe-tins  or  Cr()s.s(ipterygians.  whi<'h  were  more  distinctly 
fishlikc.     From  these,  on  the  one  hand  by  continuous  spcciali- 
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1  itio  life,  the  trup  fishes  must  have  been  derived. 

imitivG  of  these  the  air  bladder  retains  the  lung- 

chamRteri«tic  of  the  Fringe-fins.     But  in  the 

3d  forma  this  is  reduced  lo  a  sac,  at  first  with  an 

men  to  a  closed  sac  without  tube  in  the  adult,  and 

.cry  many  of  the  true  fishes  the  air  sac  is  altogether 

the  other  hand,  in  the  Amphibia,  which  were  prob- 

)  derived  from  the  Crossopterygia,  the  air  bladder  is 

.ghly  flpecialiied,  fitting  these  animals  for  life  outMdc 

the  water,  and   the 

fins    give    place    to 

fingers  and   toes  as 

Ijcfitting     a    lerres- 

Irial  habit. 

The  amphibians 
deposit  their  eggs  in 
damp  places,  and 
the  young  are 
hatched  while  the 
external  gills  are 
still  functional. 
Among  the  rep- 
tiles, which  mark  the  next  stage  of  adaptation  for  terrestrial 
life,  the  gills  are  absorbed  before  the  animal  leaves  the  egg. 
The  reptile  is  therefore  no  longer  confined  to  the  neighbor- 
hood of  the  water  for  purposes  of  reproduction. 

The  bird,  derived  from  the  reptile,  and  at  first  distin- 
guishable solely  by  the  possession  of  feathers,  loses  later 
various  reptilian  traits  and  the  group  becomes  one  inhabit- 
ing the  air. 

From  the  reptiles  again  arc  derived  the  lowest  mammals. 
The  Monotremes  of  Australia  lay  eggs  as  reptiles  do,  these,  Uke 
reptiles'  eggs,  being  covered  with  a  leathery  -skin.  The  higher 
mammals  hatch  the  eggs  within  the  body,  ncmrish  them  with 
milk  and,  in  general,  care  for  them  in  a  ticgrce  imknown  within 
the  class  of  reptiles.  The  traits  of  external  hair,  warm  blood, 
double  circulation  of  the  blood  from  and  (o  a  two-chambered 
heart,  and  other  characters  of  Ihe  mammals  become  fixed  with 
time  and  the  group  diverges  into  a  mulliludc  of  forms  living 
and  extinct,  the  last,  and  on  the  whole  the  most  sj>ecialized  of 
the  series  being  Homo,  the  genus  of  man. 


no.  181.— Theflyini 
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The  first  traces  of  man  appear  in  the  later  geologic  times 
after  the  end  of  the  Tertiary.  Human  bones  have  been  found 
in  eav&s  together  witli  those  of  the  cave-lion,  cave-bear,  and 
other  extinct  animals.  In  certain  lalccs  in  Switzerland  and 
Austria  have  ijecn  found  remains  of  peculiar  dwellings,  to- 
gether with  ancient  fishing  hoolcs  and  a  variety  of  imple- 
ments of  stone  and  bronze.  These  houses  were  built  on  piles 
in  the  lakes,  and  connected  with  the  shore  by  piers  or  bridges. 
The  extinct  race  of  men  who  lived  in  them  is  known  as 
Irfike-dwellers.  Relics  of  man,  esjiccially  rough  stone  tools 
and  flint  arrow  and  axe  heads,  and  skulls  and  other  bones, 


have  Ikh'!!  found  under  rircumatanccs  which  indicate  with 
certainty  timl  man  lias  existed  long  on  the  earth.  But  with 
those  relics  very  few  lH>no8  are  foimd.  This  has  been  ac- 
counted for  by  fiiipposing  that  man  existed  in  a  few  wander- 
ing trilK'rt  scancrcd  widely  over  Europe.  In  Java  are  found 
some  ancient  IwncH  of  manlike  animals  (Pilhecanlkropiis),  dif- 
fcreiil,  however,  from  any  species  or  race  of  men  living  to-day, 
and  sluiwinK  trails  which  indicate  a  close  rektionshlp  with  the 
aniluopoid  ajics. 

The  1  inie  q(  iiistoric  man — i.  e.,  the  i>eriod  which  has  elapsed 
since  the  hisliiry  of  man  can  l)e  traced  from  carvings  or  buildings 
or  writings  nuidc  by  himself — i.s  sliort  indeed  compared  with 
that  (if  lufhi^liiric  man.  Harliarons  man  writes  no  history 
and  Icjives  no  n'ciird  s;ive  his  tools  and  his  bones.  Iron  and 
broiue  iiist,  liunes  decay,  wood  disappears.    Only  stone  im- 
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its  remain  to  tell  the  tale  of  primitive  humanity.  Tln-st- 
J  exact  rt'coril  of  clironology. 

of  the  acluul  duration  of  uiaii's  prehislonc  i-xiHtcmi'  wi- 
<ake   no   estimule.     Speaking   in   tiTniK   of   the   earth'D 

■,  man  is  very  recent,  the  latest  of  all  the  animals.     In 

>f  the  history  of  man,  he  is  very  ancient.  The  exact 
of  human  history  cover  only  the  smallest  fraction  of 

lod  of  man's  csistence  on  earth. 


1 


CHAPTER  XV 
GEOGRAPHICAL  DISTRIBUTION 

Is  not  tho  biological  laboratory  which  leaves  out  the  ocean  and  the 
mountains  and  meadows  a  monstrous  absurdity?  Was  not  the  greatest 
scientific  generalization  of  your  times  reached  independently  by  two 
men  who  were  eminent  in  their  familiarity  with  living  beings  in  their 
homes? — Huxley. 

Under  the  head  of  "Geographical  Distribution"  we  con- 
sider the  facts  of  the  diffusion  of  organisms  over  the  surface 
of  the  earth,  and  the  laws  by  which  this  diffusion  is  governed. 

The  geographical  distribution  of  animals  is  often  known  as 
"zoogeography."  In  physical  geography  we  may  prepare 
maps  of  the  earth  which  shall  bring  into  prominence  the 
physical  features  of  its  surface.  Such  maps  would  show  here 
a  sea,  here  a  plateau,  here  a  range  of  mountains,  there  a  desert, 
a  prairie,  a  peninsula,  or  an  island.  In  jwlitical  geography  the 
maps  show  the  physical  features  of  the  earth,  as  related  to  the 
states  or  powers  which  claim  the  allegiance  of  the  people.  In 
zoogeography  the  realms  of  the  earth  are  considered  in  relation 
to  the  types  or  species  of  animals  which  inhabit  them. 

Thus  a  series  of  maps  of  the  United  States  could  be  drawn 
whidi  would  show  the  gradual  disappearance  of  the  buffalo 
before  the  attacks  of  man.  Another  might  be  drawn  which 
would  show  the  present  or  past  distribution  of  the  polar  bear, 
black  bear,  and  grizzly.  Still  another  might  show  the  original 
range  of  the  wild  hares  or  rabbits  of  the  United  States,  the 
white  rabbit  of  the  Northeast,  the  cottontail  of  the  tlast  and 
South,  the  jack  rabbit  of  the  plains,  the  snowshoe  rabbit  of 
the  C<)luml)ia  River,  the  tall  jack  rabbit  of  California,  the  marsh- 
hare  of  the  South  and  the  waterhare  of  the  canebrakes,  and 
that  of  all  their  relatives.  Such  a  map  is  very  instructive,  and 
21  309 
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Map  (hiwoK  lh«  .lutrilnilion  oF  (hr  CaDwl.vi  .«kipi»r  butterHy,  Srvml* 

■a,  ID  thf  I'ntln!  MIsta.     Tbe  buiierfly  a  louinl  in  ijui  |iu<  of  iha  cmutjy 

n  Ibr  map.    Thia  bullarfly  is  subantic  ami  nilolpiiui  in  ditlribulicxi  bnnc 

.~„.,  ..lily  fur  norih  ■.r  on  hiKh  nimiDlninii.  iha  Iwu  •ouThfra  iipoiwiinf  parts  u( 

ill  rucebeial  in  the  Reeky  Uouutaiuiud  in  Uw  Kerr*  Nevada  HousUiu.    (AIMr 

Seuddar.) 
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Pia.  184.— Map  shinriDC  tba  iliilribution  of  the  Clouilrd 
a«iH(,  in  the  United  Slata.  The  butterfly  i>  Fuund  in 
■hown  ID  the  map  by  [he  ihsclinc  marlu — tbe  warm,  n 
paru.     (AlUr  Hcudder.) 
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it  at  once  raises  a  series  of  questions  as  to  the  reasons  for  each 
of  the  facts  in  geographical  distribution,  for  it  is  the  duty  of 
science  to  suppose  that  none  of  these  facts  is  arbitrary  or  mean- 
ingless.    Each  fact  has  some  good  cause  behind  it. 

It  was  this  phase  of  the  subject,  the  relation  of  species  to 
geography,  which  first  attracted  the  attention  of  both  Darwin 
and  Wallace.  Both  these  observers  noticed  that  island  life 
is  neither  strictly  like  nor  unlike  the  life  of  the  nearest  land, 
and  that  the  degree  of  difference  varies  with  the  degree  of 
isolation.  Both  were  led  from  this  fact  to  the  theory  of  deriva- 
tion, and  to  lay  the  greatest  stress  on  the  progressive  modifica- 
tion resulting  from  the  struggle  for  existence. 

In  the  voyage  of  the  Beagle  Darwin  was  brought  in  contact 
>\ith  the  singular  fauna  of  the  Galapagos  Islands,  that  cluster 
of  volcanic  rocks  which  lies  in  the  open  sea  about  six  hundred 
miles  west  of  the  coasts  of  Ek;uador  and  Peru.  The  sea  birds 
of  these  islands  are  essentiallv  the  same  as  those  of  tne  coast  of 
Peru.  So  with  most  of  the  fishes.  We  can  see  how  this  might 
well  be,  for  both  sea  birds  and  fishes  can  readily  pass  from  the 
one  region  to  the  other.  But  the  land  birds,  as  well  as  the 
reptiles,  insects,  and  plants,  are  largely  peculiar  to  the  islands. 
Many  of  these  species  are  found  nowhere  else.  But  other 
species  very  much  like  them  in  all  respects  are  found,  and  these 
live  along  the  coast  of  Peru.  In  the  Galapagos  Islands,  ac- 
cording to  Darwin's  notes, 

•'there  are  twenty-six  land  birds;  of  these,  twenty-one,  or  perhaps 
twenty-three,  are  ranked  as  distinct  species,  and  would  be  commonly 
aflsunied  to  have  been  here  created ;  yet  the  close  affinity  of  the  most 
of  these  birds  to  American  S))ecie8  is  manifest  in  every  character,  in 
their  habits,  gestures,  and  tones  of  voice.  So  it  is  with  the  other 
animals  and  with  a  large  proportion  of  the  plants. 

*•  .  .  .  The  naturalist,  looking  at  the  inhabitants  of  these  vol- 
canic islands  in  the  Pacific,  feels  that  he  is  standing  on  American  land." 

This  (luestion  naturally  arises:  If  these  s|>ecies  have  l)een 
cr(\'it(Ml  as  wo  find  them  on  the  Galapagos,  why  is  it  that  they 
should  all  i)(^  very  similar  in  ty|H»  to  other  animals,  living  under 
wholly  (lifTerent  conditions,  but  on  the  coast  not  far  awav? 
And,  again,  why  are  the  animals  and  plants  of  another  cluster 
of  volcanic  islands — the  Cai>c  Verde  Islands — similarly  related 
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to  those  of  the  neighboring  coast  of  Africa,  and  wholly  unlike 
those  of  the  Galapagos?  If  the  animals  were  created  tor  match 
their  conditions  of  life,  then  those  of  the  Galapagos  should  be 
like  those  of  Cape  Verde,  the  two  archipelagoes  being  extremely 
alike  in  soil,  climate,  and  physical  sxuroimdings.  If  the  species 
on  the  islands  are  products  of  separate  acts  of  creation,  what  is 
there  in  the  nearness  of  the  coasts  of  Africa  or  Peru  to  influence 
the  act  of  creation  so  as  to  cause  the  island  species  to  be,  as  it 
were,  echoes  of  those  on  shore? 

If,  on  the  other  hand,  we  should  adopt  the  obvious  sug- 
gestion that  both  these  clusters  of  islands  have  been  colonized 
by  inmiigrants  from  the  mainland,  the  fact  of  uniformity  of 
type  is  accoimted  for,  but  what  of  the  difference  of  species? 
If  the  change  of  conditions  from  continent  to  island  causes 
such  great  and  p)ermanent  changes  as  to  form  new  species  from 
the  old,  why  may  not  like  changes  take  place  on  the  mainlands 
as  well  as  on  the  islands?  And  if  possible  on  the  mainland  of 
South  America,  what  evidence  have  we  that  species  are  perma- 
nent anywhere?  May  they  not  be  constantly  changing?  May 
what  we  now  consider  as  distinct  sj^ecies  be  only  the  present 
phase  in  the  changing  history  of  the  series  of  forms  which  con- 
stitute the  species? 

The  studies  of  island  life  can  lead  but  to  one  conclusion: 
These  volcanic  islands  rose  from  the  sea  destitute  of  land  life. 
They  were  settled  by  the  waifs  of  wind  and  of  storm,  birds 
blown  from  the  shore  by  trade  winds,  lizards  and  insects  carried 
on  drift  logs  and  floating  vegetation.  Of  these  waifs  few  came 
perhaps  in  any  one  year,  and  few,  perhaps,  of  those  who  came 
made  the  islands  their  homo;  yet,  as  the  centuries  passed  on, 
suitable  inhabitants  were  found.  That  this  is  not  fancy  we 
know,  for  we  have  the  knowledge  of  specific  examples  of  the 
very  same  sort.  We  know  how  many  animals  are  carried  from 
their  natural  homes.  One  example  of  this  may  be  seen  by 
those  who  have  approached  our  eastern  shores  by  sea  in  the 
face  of  a  storm.  Many  land  birds — sparrows,  warblers,  chick- 
adees, and  even  woodi^ckers — are  carried  out  by  the  wind, 
a  few  falling  exhaust e<l  on  the  docks  of  ships,  a  fow  others  fall- 
ing on  offshore  islands,  like  the  Horniudas,  the  remainder 
drowning  in  the  sea. 

Of  the  immigrants  to  the  Galapagos  tho  majority  doubtless 
die  and  leave  no  sign.     A  few  remain,  multiply,  and  take 
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d   their    descendants   a.re   thus    native   to   the 

JRolated  from  the  sretiX  mass  of  their  species 

r  new  surroundings,  Dipsp  island  birds  come  to 

sir  parents,  and  still  more  from  the  Ereat  mass 

jecies  of  which  their  ancestors  were  member?. 

I  these,  their  individuality  would  manifest  itself. 

la  assume  with  new  environment  new  friends,  new 

conditions.     They  would  develop  qualities  peculiar 

^Ives — quabties  intensified  by  isolation.     Local  jiecii- 

disappear  with  wide  association,  and  are  intensified 

ividuals  of  similar   peculiarities   are   kept  together. 

uter  migrations  of  the  original  8|>ecies  come  to   the 

'he  individuals  surviving  would   in  time  form  new 

r,  more  likely,  mixing  with  the  mass  of  those  already 

leir  special  characters  would  be  lost  in  those  of  the 

lapagos,  first  studici  liv  Darnin,  serve  to  us  only  as 
udtration.  The  same  problems  come  up,  in  one  guise  or 
another,  in  all  questions  of  geographical  distribution,  whether 
on  continent  or  island.  The  relation  of  the  fauna  of  one  region 
to  that  of  another  depends  on  the  ease  with  which  barriers  may 
be  crossed.  Distinctness  is  in  direct  proportion  to  isolation. 
What  is  true  in  this  regard  of  the  fauna  of  any  region  as  a  whole, 
is  likewise  true  of  any  of  its  individual  species.  The  degree  of 
resemblance  among  individuals  is  in  direct  proportion  to  the 
freedom  of  their  movements,  and  variations  within  what  we 
call  specific  limits  is  again  proportionate  to  the  barriers  which 
prevent  equal  and  perfect  diffusion. 

The  laws  governing  the  distribution  of  animals  are  reducible 
to  three  very  simple  propositions.  Every  species  of  animal  is 
found  in  every  part  of  the  earth  having  conditions  suitable  for 
its  maintenance  unless: 

(a)  Its  individuals  have  been  unable  to  reach  this  region, 
through  barriers  of  some  sort ;  or, 

(b)  Having  reached  it,  the  si>ecies  is  unable  to  maintain 
Itself,  through  lack  of  capacity  for  adaptation,  through  severity 
of  competition  with  other  forms,  or  through  destructive  con- 
dition of  environment ;  or, 

(c)  Having  entered  and  maintained  itself,  it  has  become 
80  altered  in  the  process  of  adaptation  as  to  become  a  species 
distinct  from  the  original  type. 
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As  examples  of  the  first  class  we  may  take  the  absence  of 
kingbirds  or  meadow  larks  or  coyotes  in  Europe,  the  absence 
of  the  lion  and  tiger  in  South  America,  the  absence  of  the  civet 
cat  in  New  York,  and  that  of  the  bobolink  or  the  Chinese  fly- 
ing fox  in  California.  In  each  of  these  cases  there  is  no  evident 
reason  why  the  species  in  question  should  not  maintain  itself 
if  once  introduced.  The  fact  that  it  does  not  exist  is,  in  general, 
an  evidence  that  it  has  never  passed  the  barriers  which  separate 
the  region  in  question  from  its  original  home. 

Ix)cal  illustrations  of  the  same  kind  may  be  found  in  moun- 
tainous regions.  In  the  Yosemite  Valley  in  California,  for  ex- 
ample, the  trout  ascend  the  Merced  River  to  the  base  of  the 
Vernal  fall.  They  cannot  rise  above  this  and  so  the  streams 
and  lakes  above  this  fall  are  destitute  of  fish. 

Examples  of  the  second  class  are  seen  in  animals  that  man 
has  introduced  from  one  country  to  another.  The  nightingale, 
the  starling,  and  the  skylark  of  Europe  have  been  repeatedly 
set  free  in  the  United  States.  But  none  of  these  colonies  has 
long  endured;  perhaps  from  lack  of  adaptation  to  the  cUmate, 
perhaps  from  severity  of  competition  with  other  birds,  most 
likely  because  the  few  individuals  become  so  widely  scattered 
that  they  do  not  find  one  another  at  mating  time.  In  other 
cases  the  introduced  species  has  been  better  fitted  for  the  con- 
ditions of  life  than  the  native  forms  themselves,  and  so  has 
gradually  crowded  out  the  latter.  Both  these  cases  are  il- 
lustrated among  the  rats.  The  black  rat  (Mtis  raUxis),  first 
introduced  into  America  from  Europe  about  1544,  tended  to 
crowd  out  the  native  wild  rats  (Sigmodon)^  while  the  brown  rat 
(Mils  decumanus),  brought  in  still  later,  about  1775,  in  turn 
practically  exterminated  the  black  rat,  its  fitness  for  the  con- 
ditions of  life  here  being  greater  than  that  of  the  other  European 
spocies. 

Of  tlie  third  class,  or  s|>ecie8  altere<l  in  a  new  environment, 
examples  are  numerous,  but  in  most  cases  the  causes  involved 
can  only  be  inferred  from  their  effects.  One  class  of  illustra- 
tions may  bo  taken  from  island  faunas.  An  island  is  s(»t  off 
from  tiie  mainland  l)v  harriers  wbicli  8|)ecies  of  land  animals 
can  vorv  rarelv  cross.  On  an  island  a  few  waifs  mav  maintain 
tiicmsclves,  increasing  in  numbers  so  as  to  occupy  th(»  territory, 
l)ut  in  so  <l<)ing  only  those  kinds  will  survive  that  can  fit  tliem- 
selv(\s  to  the  new  conditions.     Through  this  process  new  si)ecies 
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will  be  formed,  like  the  parent  species  in  general  strueturey  but 
having  gained  new  traits  adjusted  to  the  new  environment. 

To  processes  of  this  kind,  on  a  larger  or  smaller  scale,  the 
variety  in  the  animal  life  of  the  globe  must  be  largely  due. 
Isolation  and  adaptation  through  selection  probably  give  the 
clew  to  the  formation  of  a  very  large  proportion  of  the  ''new 
species  "  in  any  group. 

It  will  be  thus  seen  that  geographical  distribution  is  primar- 
ily dependent  on  barriers  or  checks  to  the  movement  of  animala. 
The  obstacles  met  in  the  spread  of  animals  determine  the 
limits  of  the  species.  Each  species  broadens  its  range  as  far 
as  it  can.  It  attempts,  unwittingly,  of  course,  through  natural 
processes  of  increase,  to  overcome  the  obstacles  of  ocean  and 
river,  of  mountain  or  plain,  of  woodland  or  prairie  or  desert,  of 
cold  or  heat,  of  lack  of  food,  or  abundance  of  enemies — ^what- 
ever the  barriers  may  be.  Were  it  not  for  these  barriers,  each 
type  or  species  would  become  cosmopolitan  or  universal. 

Man  is  preeminently  a  barrier-crossing  animal;  hence,  in 
different  races  or  species,  man  is  found  in  all  regions  where 
human  life  is  possil)le.  The  difTeront  races  of  men,  however, 
find  checks  and  barriers  entirely  similar  in  nature  to  those 
experienced  by  the  lower  animals,  and  the  race  peculiarities 
are  wholly  similar  to  characters  acquired  by  new  species  under 
adaptation  to  changed  conditions.  The  degree  of  hindrance 
offered  by  any  barrier  differs  with  the  nature  of  the  species 
trying  to  surmount  it.  That  which  constitutes  an  impassable 
obstacle  to  one  form  may  be  a  great  aid  to  another.  The  river 
which  blocks  the  monkey  or  the  cat  is  the  highway  of  the  fish 
or  the  turtle.  The  waterfall  which  limits  the  ascent  of  the  fish 
is  the  chosen  home  of  the  ouzel.  The  mountain  barrier  which 
the  bobolink  or  the  prairie  dog  does  not  cross  may  be  the  center 
of  distribution  of  the  Httle  chief  hare  or  the  Arctic  bluebird. 

The  term  fauna  is  a])i)lied  to  the  animals  of  any  region 
considered  collectively.  Thus  the  fauna  of  Illinois  comprises 
the  entire  list  of  animals  found  naturally  in  that  State.  It 
includes  the  aboriginal  man,  the  black  bear,  the  fox,  and  all  its 
animal  life  down  to  the  Amaha  and  the  microlxj  of  malaria. 
The  rehition  of  the  fauna  of  one  region  to  that  of  another  de- 
pends on  the  ease  with  which  harriers  may  he  crossed.  Thus 
the  fauna  of  Illinois  differs  little  from  that  of  Indiana  or  Iowa, 
because  the  State  contains  no  barriers  that  animals  may  not 
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readily  pasa.  On  the  other  hand,  the  fauna  of  California  or 
Colorado  differs  materially  from  that  of  the  adjoining  regions, 
because    the    mountainous  country   is  full  of  barriers  which 


ru<'t  the  diffusion  of  lif<>.  DistinrlnosM  is  in  dircft  projior- 
tf>  isnjjilion.  WliHt  is  true  in  this  rc-pird  of  tin-  faunii  of 
rcnidii  in  likewise  true  of  its  individual  s{>cci<-H.     The  degree 
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e  among  individuals  is  in  strict  proportion  to  the 
iieir  movements.  Variation  within  the  liniits  of 
;ain  proportionate  to  the  barriers  which  prevent 
;  diffusion. 

la  divisions  or  realms  into  which  the  land  surface 

.aay  be  divided,  on  the  basis  of  the  character  of  the 

have  their  boundary  in  the  obstacles  offered  to  the 

.he  average  animal.     In  spile  of  great  inequalities 

■,^Td.  we  may  yet  roughly  <tivide  tlie  land  of  the  globe 

■en  principal  realms  or  areas  of  distribution,  each  limited 

rs,  of  which  the  chief  are  the  presence  of  the  sea  and 

■■ence  of  frost.     There  are  the  Arctic,  North  Tem- 

ith  American,  Indo-African,  Patagonian,  Lemurian, 

ulian  realms.     Of  these  the  Australian  realm  alone  is 

ined.     Most  of  tlie  others  are  siu-rounded  by  a  broad 

Jebatable  ground  that  forms  a  transition  to  some 

-..J  Arctic  realm  includes  all  the  hnd  area  north  of  the 
isotherm  32°.  Its  southern  boundary  corresponds  closely  with 
the  northern  limit  of  trees.  The  fauna  of  this  region  is  very 
homogeneous.  It  is  not  rich  in  species,  most  of  the  common 
types  of  life  of  warmer  regions  being  excluded  by  the  cold. 
Among  the  large  animals  are  the  polar  bear,  the  walrus,  and 
certain  species  of  "  ice-riding  "  seals.  There  are  a  few  species 
of  iishes,  mostly  trout  and  sculpins,  and  a  few  insects;  some  of 
these,  as  the  mosquito,  are  excessively  numerous  in  individuals. 
Reptiles  are  absent  from  this  region  and  many  of  its  birds 
migrate  southward  in  the  winter,  finding  in  the  Arctic  their 
breeding  homes  only.  When  we  consider  the  distribution  of 
insects  and  other  small  animals  of  wide  diffusion  we  must  add 
to  the  Arctic  realm  all  high  moimtains  of  other  realms  whose 
summits  rise  above  the  timber  line.  The  characteristic  large 
animals  of  the  Arctic,  as  the  polar  Iwar  or  the  musk-ox  or  the 
reindeer,  are  not  found  on  the  moimtain  tops  because  barriers 
shut  them  off.  But  the  Alpine  flora,  even  imder  the  equator, 
may  he  characteristically  arclic,  and  with  the  flowers  of  the 
north  may  he  found  the  northern  insrits  on  whose  presence 
the  flowers  depend  for  their  fertilisiation  and  which  in  turn 
depend  on  these  for  their  food.  So  far  as  chmato  is  concerned, 
high  altitude  is  equivalent  to  high  latitude.  On  certain 
moimtains  the  different  zones  of  altitude  and  the  corresponding 
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zones  of  plant  and  animal  life  are  very  sharply  defined.  Ex- 
cellent iUustrations  are  found  in  the  San  Francisco  peaks  of 
Arizona  and  Mt.  Orizaba  in  Mexico. 

The  North  Temperate  or  holarctic  realm  comprises  all  the 
land  between  the  northern  Umit  of  trees  and  the  southern  hmit 
of  forests.  It  includes,  therefore,  nearly  the  whole  of  Europe, 
most  of  Asia,  and  the  most  of  North  America.  While  there  are 
large  differences  between  the  fauna  of  North  America  and  that 
of  Europe  and  Asia,  these  differences  are  of  minor  importance, 
and  are  scarcely  greater  in  any  case  than  the  difference  between 
the  fauna  of  California  and  that  of  our  Atlantic  coast.  The 
close  imion  of  Alaska  with  Siberia  gives  the  Arctic  region  an 
almost  continuous  land  area  from  Greenland  to  the  westward 
around  to  Norway.  To  the  south  everywhere  in  the  temperate 
zone  realm,  the  species  increase  in  number  and  variety,  and 
the  differences  between  the  fauna  of  North  America  and  that  of 
Europe  are  due  in  part  to  the  northward  extension  in  the  one 
and  the  other  of  types  originating  in  the  tropics. 

Especially  is  this  true  of  certain  of  the  dominant  types  of 
singing  birds.  The  group  of  wood-warblers,  tanagers,  American 
orioles,  vireos,  mocking  birds,  with  the  fly-catchers  and  hum- 
ming birds  so  characteristic  of  our  forests,  are  unrepresented  in 
Europe.  All  of  them  are  apparently  immigrants  from  the 
neotropical  realm  where  nearly  all  of  them  spend  the  winter. 
In  the  same  way  (\*ntral  Asia  has  many  immigrants  from  the 
Indian  realm  which  Ues  to  the  southward.  With  all  these 
variations  there  is  an  essential  unity  of  hfe  over  this  vast  area, 
and  the  recognition  of  North  America  as  a  separate  (nearctic) 
realm,  which  some  writers  have  attempted,  seems  hardly 
necessary. 

Alfred  Rus.sell  Wallace  refers  to  this  unity  of  northern  life 
in  these  words: 

"  When  ail  Knplishinaii  travels  on  the  nearest  sea  route  from  (ireat 
Britain  to  Northern  Japan,  he  passes  countries  very  unlike  his  own 
both  in  asjM'ct  and  in  natural  productions.  The  sunny  isles  of  the 
Mediterranean,  tlu^  siinds  and  date  palms  of  Ep^ypt,  the  arid  rocks  of 
Aden,  the  cocoa  jn*oves  of  (.Vvlon,  the  tiper-haunted  jungles  of  Malacca 
and  Singapore,  thc^  fertih*  phiins  and  volcanic  peaks  of  Luzon,  the 
forest-clad  mountains  of  Formosa,  the  bare  hills  of  China  pass  suc- 
cessively in  review,  until  after  a  circuitous  journey  of  thirteen  thousand 
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miles,  he  finds  himself  at  IIakiniat<?,  in  Japan.     He  is  now  set«iratiMl 
fhwi  Lis  starting  point  by  an  iilniost  endlfsa  RUcccaaion  of  plain* 
uiouritftins,  lirid  deserts  nr  icy  pliil^uUH ;  yp t,  when  h(i  visits  the  iulerior 


\ 

\ 
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of  the  country^  he  sees  so  many  familiar  natural  objects  that  he  can 
hardly  help  fancying  he  is  close  to  his  home.  He  finds  the  woods  and 
fields  tenanted  by  tits,  hedge  sparrows,  wrens,  wagtails,  larks,  red- 
breasts, thrushes,  buntings,  and  house  sparrows;  some  absolutely 
identical  with  our  own  feathered  friends,  others  so  closely  resembfing 
them  that  it  requires  a  practised  ornithologist  to  tell  the  difference. 
.  .  .  There  are  also,  of  course,  many  birds  and  insects  which  are 
quite  new  and  peculiar,  but  these  are  by  no  means  so  numerous  or 
conspicuous  as  to  remove  the  general  impression  of  a  wonderful 
resemblance  between  the  productions  of  such  remote  islands  as  Britain 
and  Yezo."     (Island  Life.) 

A  journey  to  the  southward  from  Britain  or  Japan  or 
Illinois,  or  any  point  within  the  holarctic  realm,  would  show 
the  successive  changes  in  the  character  of  life  though  gradual, 
to  be  still  more  rapid.  The  barrier  of  frost  which  keeps  the 
fauna  of  the  tropics  from  encroaching  on  the  northern  regions 
once  crossed,  we  come  to  the  multitude  of  animals  whose  life 
depends  on  sunshine,  the  characteristic  forms  of  the  neo- 
tropical realm. 

The  neotropical,  or  South  American  realm,  includes  South 
America,  the  West  Indies,  the  hot  coast  lands  (Tierra  Caliente) 
of  Mexico,  and  those  parts  of  Florida  and  Texas  where  frost 
does  not  occur.  Its  boundaries  through  Mexico  are  not  sharply 
defined,  and  there  is  much  overlapping  of  the  north  temperate 
realm  along  its  northern  limit.  Its  birds,  especially,  range 
widely  through  the  United  States  in  the  summer  migrations,  and 
a  large  part  of  them  find  in  the  North  their  breeding  home. 
Southward,  the  broad  barrier  of  the  two  oceans  kee}>s  the 
South  American  fauna  very  distinct  from  that  of  Australia  or 
Africa.  The  neotropical  fauna  is  the  richest  of  all  in  sfwcies. 
The  groat  forests  of  the  Amazon  arc  the  treasure  houses  of  the 
naturalists.  Characteristic  tyi)es  among  the  larger  animals 
are  the  broad-nosed  (platyrrhine)  monkeys,  which  in  many 
ways  are  distinct  from  the  monkeys  and  apes  of  the  Old  World. 
In  many  of  them  the  tip  of  the  tail  is  highly  specialized  and  is 
used  as  a  hand.  The  Edentates  (armadillos,  ant-eaters,  etc.) 
are  characteristically  South  American,  and  there  are  many 
peculiar  types  of  birds,  reptiles,  fishes,  and  insects. 

The  Indo-African  or  paleotropical  realm  corresponds  to 
the  neotropical  realm  in  position.     It  includes  the  great  part 
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rging  gradually  northward  into  the  north  temiwr- 

rough  the  transition  districts  whieh  border  the 

a.     It  includes  also  Arabia,  India,  and  the  neigh- 

I     ),  all  that  part  of  Asia  Bouth  of  the  limit  of  frost. 

I,  carnivora,  ungulates,  and  reptiles  this  region  is 

■ly  rich.     In  variety  of  birds,  fishes,  and  insects  the 

kl  realm  exceeds  it.     The   monkeys  of  this  district 

the  narrow-nosed  (catarrhine)  tyjie,  various  forms 

iiuch  more  nearly  related  to  man  than  is  the  case  with 

icuUar    monkeys   of    South    America.     Some   of    these 

^poid  apes)  have  much  in  common  «'ith  man.    To  this 

?long  the  elephant,  the  rhinoceros,  and  the   hippopot- 

well  aa  the  tiger,  Uon,  leopard,  giraffe,  the  wild  asse^, 

°s  of  various  species,  besides  a  large  number  of  rumi- 

•als  not  found  in  other  parts  of  Ihc  world.     It  is,  in 

;  lower  mammals  and  reptiles  that  its  most  striking 

f  characters  are  found.     In  its  fish  fauna  it  has  much 

m  common  with  South  America. 

The  Lemurian  realm  comprises  Madagascar  alone.  It  is 
an  isolated  division  of  the  Indo-African  realm,  but  the  presence 
of  many  species  of  lemurs — an  unspecialized  or  primitive  type 
of  monkey— is  held  to  justify  its  recognition  as  a  distinct  realm. 
In  most  other  groups  of  animals  the  faima  of  Madagascar  is 
essentially  that  of  neighboring  parts  of  Africa. 

The  Patagonian  realm  includes  the  south  temperate  zone 
of  South  America.  It  has  much  in  common  with  the  neo- 
tropical realm  from  which  its  fauna  is  mainly  derived,  but  the 
presence  of  frost  is  a  barrier  which  vast  numbers  of  species  can- 
not cross.  Beyond  the  Patagonian  realm  lies  the  Antarctic 
continent.  The  scanty  fauna  of  this  region  is  little  known, 
and  it  probably  differs  from  the  Patagonian  fauna  chiefly  in 
the  absence  of  all  but  the  ice-riding  species. 

The  Australian  realm  comprises  Australia  and  neighboring 
islands.  It  is  more  isolated  than  any  of  the  others,  having 
been  protected  by  the  sea  from  the  inva^-ions  of  the  character- 
istic animals  of  the  Indo-African  and  temperate  realms.  It 
shows  a  singular  persistence  of  low  or  prlriiitive  types  of  ver- 
tebrate life,  as  though  in  the  jirocewH  of  evolution  the  region 
had  been  left  a  whole  geologic  age  behind.  If  the  competing 
faunas  of  Africa  and  India  could  have  been  able  to  invade 
Australia,  the  dominant  mammals  and  birds  of  that  region 
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would  not  have  been  left  as  they  are  now — nmrsupials  and 
parrots. 

It  is  only  when  barriers  have  shut  out  competition  that 
simple  or  unspecialized  types  abound.  The  larger  the  land 
area  and  the  more  varied  its  surface,  the  greater  is  the  stress 
of  competition  and  the  more  specialized  are  the  characteristic 
forms.  As  part  of  this  specialization  is  in  the  direction  of 
hardiness  and  power  to  persist,  the  species  from  the  large  areas, 
as  a  whole,  are  least  easy  of  extermination.  The  rapid  multi- 
plication of  rabbits  and  foxes  in  Australia,  when  introduced 
by  the  hand  of  man,  shows  what  might  have  taken  place  in  this 
country  had  not  impassable  barriers  of  ocean  shut  them  out. 

Each  of  these  great  realms  may  be  indefinitely  subdivided 
into  provinces  and  sections,  for  there  is  no  end  to  the  possi- 
bility of  analysis.  No  farm  has  exactly  the  same  animals  or 
plants  as  any  other,  as  finally  in  ultimate  analysis  we  find  that 
no  two  animals  or  plants  are  exactly  alike.  Shut  off  one  pair 
of  animals  from  the  others  of  its  species,  and  its  descendants 
will  differ  from  the  parent  stock.  The  difference  increases 
with  time  and  with  distance  so  long  as  the  separation  is  main- 
tained. Hence  new  species  and  new  fauna  or  aggregations  of 
species  are  produced  wherever  free  diffusion  is  checked  by  any 
kind  of  harrier. 

In  like  nmnnor,  we  mav  divide  the  ocean  into  faunal  areas 
or  zones,  according  to  the  distribution  of  its  animals.  For 
this  purpose  the  fishes  probably  furnish  the  best  indications, 
although  results  very  similar  are  obtained  when  we  consider 
the  mollusks  or  the  Crustacea. 

The  p(»liigic  fishes  are  those  which  inhabit  the  open  sea, 
swinmiing  lumr  the  surface,  and  often  in  great  schools.  Such 
forms  are  usually  confine*!  to  the  warmer  waters.  They  are  for 
the  most  ])art  i)redatory  fishes,  strong  swimmers,  and  many 
of  the  spcci(\s  are  found  in  all  warm  seas.  Most  si)ecies  have 
special  homing  waters,  to  which  they  repair  in  the  spawning 
season.  To  the  freo-swimniing  forms  of  invertebrates  and 
protozoa,  found  in  the  op(»n  ocean,  the  name  Plankton  is  ap- 
phed. 

The  hjissalian  fauna,  or  deejvsea  fauna,  is  composed  of 
8peci(»s  inhabiting:  great  (h»pths  (from  2,500  to  25,000  feet)  in 
the  sea.  At  a  short  distance  below  the  surface  the  change  in 
tem|)erature  from  day  to  night  is  no  longer  felt.     At  a  still 
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depth  there  is  no  difference  hetween  winter  and  summeTfJ 
still  lower  none  In'twoen  day  and  night.     The  basBalian  | 
inliabit  a  region  cif  great  iiild  «nd  inky  darkness.     Their  I 
are  subjected  to  great  pressure,  and  the  conditions  at  I 
practically  unvarying.     TJiere  is,  therefore,  among  them  1 
ugration,  no  seasonal  change,  no  spawning  season  fixed  ' 
3Utside  conditions,  and  no  need  of  adaptation  to  varying 
uonment.     As  a  result,   all   are   uniform   indigo-black  or 
-■pie  in  color,  and  all  show  more  or  less  degeneration  in  those 
racters  associated  with  ordinary  environment.     Their  bodies 
"longate,  from  the  lack  of  spteialization  in  the  vertebra;, 
flesh,  being  held  in  j>lace  by  the  great  pressure  of  the 
,  ia  soft  and  fragile.     The  organs  of  touch  are  often  highly 
oed.    The  eye  is  either  excessively  large,  as  if  to  catch 
;htest  ray  of  hght,  or  else  it  is  undeveloped,  ae  if  the 
J  abandoned  the  effort  to  see.     In  many  cases  himinous 
.^  or  lanterns  are  develo()ed  by  which  the  lisli  iniiy  mh'  to 
guide  its  way,  and  in  some  forms  these  shining  appendages 
are  highly  developed.     In  one  form  {Mlhoprora)  a  luminous 
body  covers  the  end  of  tlie  nose,  like  the  headlight  of  an  engine. 
Many  of  these  species  have  excessively  large  teeth,  and  some 
have  been  known  to  swallow  animals  actually   larger   than 
themselves.     Those  which  have  lanternHke  spots  have  always 
large  eyes. 

The  deep-sea  fishes,  however  fantastic,  have  all  near  rela- 
tives among  the  shore  forms.  Most  of  them  are  degenerate 
representatives  of  well-known  types — for  example,  of  eels,  cod, 
smelt,  grenadiers,  sculpin,  and  flounders.  The  deep-sea  crus- 
taceans and  mollusks  are  similarly  related  to  shore  forms. 

The  third  great  sulxlivision  of  marine  animals  ia  the  littoral 
or  shore  group,  those  living  in  water  of  moderate  depth,  never 
venturing  far  into  the  oi)en  sea  either  at  the  surface  or  in  the 
depths.  This  group  shades  into  both  the  preceding.  The 
individuals  of  some  of  the  sijecies  are  excessively  local,  remain- 
ing their  life  long  in  tide  pools  or  coral  reefs  or  piles  of  rock. 
Others  venture  far  from  home,  becoming  more  or  less  pelade. 
Still  others  ascend  rivers  either  to  spawn  (anadromous,  as  the 
salmon,  shad,  and  strijjed  bass),  or  for  piirpases  of  feeding,  aa 
the  rolMito,  corvina,  and  other  shore  fishes  of  the  tropics. 
Some  live  among  rocks  alone,  some  in  seaweed,  some  on  sandy 
shores,  some  in  the  surf,  and  some  only  in  sheltered  lagoons. 
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In  all  seas  there  are  fishes  and  other  marine  animals,  and  each 
creature  haunts  the  places  for  which  it  is  fitted. 

There  is  the  closest  possible  analogy  between  the  variations 
of  species  of  animals  or  plants  in  different  districts  and  that  of 
words  in  different  languages.  The  language  of  any  people  is 
not  a  unit.  It  is  made  up  of  words  which  have  at  various 
times  and  under  various  conditions  come  into  it  from  the  speech 
of  other  people.  The  grammar  of  a  language  is  an  expression 
of  the  mutual  relations  of  these  words.  The  word  as  it  exists 
in  any  one  language  represents  the  species.  Its  cognate  or  its 
ancestor  in  any  other  language  is  a  related  species.  •  The  words 
used  in  a  given  district  at  any  one  time  constitute  its  philo- 
logical fauna.  There  is  a  struggle  for  existence  between  words 
as  among  animals.  For  example  the  words  begin  and  commence, 
shake  and  agUaie^  loork  and  operate  (Saxon  and  French)  are  in 
the  English  language  constantly  brought  into  competition. 
The  fittest,  the  one  that  suits  English  purposes  best,  wiU  at 
last  siu-vive.  If  both  have  elements  of  fitness,  the  field  will 
be  divided  between  them.  The  silent  letters  in  words  tell  their 
past  history,  as  rudimentary  organs  tell  what  an  animal's 
ancestry  has  been.  This  analogy,  of  course,  is  not  perfect  in 
all  regards,  as  the  passing  of  the  words  from  mouth  to  mouth 
is  not  rigidly  comparable  with  the  generation  of  animals. 

We  may  illustrate  the  formation  of  species  of  animals  by 
following  any  widely  used  word  across  Europe.  Thus  the 
Greek  aster  becomes  in  Latin  and  Italian  stella;  whence  the 
Spanish  estrclla  and  the  French  Hoile.  In  Germany  it  becomes 
SterUy  in  Danish  Stjcrn;  whence  the  Scottish  starn  and  English 
star. 

Ill  Ukc  inannor,  the  name  cherry  may  be  traced  from  country 
to  country  to  which  it  has  bec^n  taken  in  cultivation.  Its  Greek 
name,  kcraso.'i,  heconu's  cerasus,  ceresia,  cerisOy  ceresOy  cMse, 
amoii*^  the  Latin  nations.  This  word  is  shortened  to  Kirsch 
and  A'rr.s  with  tlic  |)e()|)le  of  the  North.  In  P]ngland,  cherys, 
cherni,  arc  ()l)vi()uslv  derived  from  cerise. 

The  study  of  a  fauna  or  a  flora  as  a  whole  is  thus  analogous 
to  th(*  study  of  a  Hvin^  lan^^uage.  The  evolution  of  a  language 
corresponds  to  t  he  history  of  the  hfe  of  some  region.  Philology, 
systematic  zoology,  and  ])()tanv  are  alike  inthnatelv  related  to 
geo<;ra|)hy.  The  parallelism  between  s|x?ech  districts  and 
fauna!  districts  lias  been  many  times  noted.     The  spread  of  a 
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^,  like  the  spread  of  a  fauna,  is  limited  by  natural 
■s.  II  is  tlie  work  of  civilization  to  break  down  thpsi- 
8  as  limiting  the  distribution  of  civilized  man.  Th« 
i^nt  languages  cro»«  these  barriers  with  the  races  of  nian 
JBe  them,  and  with  them  go  the  domesticated  animals 
ilants  and  the  weeds  and  ^'crmiIl  man  has  brought  uu- 
{ly  into  relations  of  domination. 

le  profitable  study  of  the  problems  of  geographical  dis- 
;ion  ia  possible  only  on  the  theory  of  the  derivation  of 
*«.  If  we  view  all  animals  and  plants  as  the  results  of  spe- 
efltions  in  the  regions  assigned  to  them,  we  have  instead 
8  only  a  jumble  of  arbitrary  and  meaningless  facts.  In 
>erience  with  the  facts  of  science  we  have  learned  that 
■  ia  arbitrary  or  meaningless.  We  know  no  facts  which 
)nd  the  realm  of  law.  We  may  close  with  the  language 
Gray: 

■'When  we  gather  into  one  line  the  se\erftl  threads  of  evidence  of 
this  sort  we  find  that  they  lead  in  the  same  diret  tion  with  the  views 
fumi^ed  by  other  lines  of  investigation  Slender  indeed  each  thread 
may  be,  but  they  are  manifold,  and  together  the)  bind  us  firmly  to 
the  doctrine  of  the  derivation  of  species  ' 


\ 


~-  q 


CHAPTER  XVI 
ADAPTATIONS 

It  is  a  ^insc  provision  of  nature  that  trees  shall  not  grow  up  into 
the  sky. — (Joethe. 

The  adaptation  of  every  species  of  animal  and  plant  to  its 
environment  is  a  matter  of  everyday  observation.  So  perfect 
is  this  adaptation  in  its  details  that  its  main  facts  tend  to 
escape  oiu*  notice.  The  animal  is  fitted  to  the  air  it  breathes, 
the  water  it  drinks,  the  food  it  finds,  the  climate  it  endures, 
the  region  which  it  inhabits.  All  its  organs  are  fitted  to  its 
functions:  all  its  functions  to  its  environment.  Organs  and 
functions  are  alike  spoken  of  in  a  half-figurative  way  as  con- 
cessions to  environment.  And  all  structures  and  powers  are 
in  this  sense  concessions,  in  another  sense,  adaptations.  As 
the  loaf  is  fitted  to  the  pan,  or  the  river  to  its  bed,  so  is  each 
species  fitted  to  its  surroundings.  If  it  were  not  so  fitted,  it 
would  not  live.  But  such  fitness  on  the  vital  side  leaves  large 
room  for  viiriotv  in  characters  not  essential  to  the  Hfe  of  the 
animal.  Thus  wo  ascribe  nonessential  characters  to  variation, 
])ro.serv(Hl  ])v  heredity  and  guarded  by  isolation.  Vital  or 
a(hiptivo  charact(Ts  originate  in  the  same  way,  but  these  are 
presorv(Mi  in  honnlity  and  guarded  and  intensified  by  selection. 

The  strif(j  for  j)lace  in  the  crowd  of  animals  makes  it  neces- 
sary for  each  one  to  adjust  itself  to  the  place  it  holds.  As  the 
individual  becomes  fitted  to  its  condition,  so  must  the  species 
as  a  whole.  The  s])ecies  is  therefore  made  up  of  individuals 
that  are  fittetl  or  mav  bec(mie  fitted  for  the  conditions  of  life. 
As  th(»  stress  of  existence  l>ecomes  more  severe,  the  individuals 
fit  to  continue  th(»  sjH^cies  are  chosen  more  closely.  This  choice 
is  the  automatic  work  of  the  conditions  of  hfe,  but  it  is  none 
the  less  eflective  in  its  oi)erations,  and  in  the  course  of  centuries 
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it  may  be  cnnsitlercd  unerring.  When  cnndilinns  clmi^e.  them 
perfection  of  adaptation  in  a  epecips  may  Iw  the  cause  of  itsl 
extinction.  If  the  need  of  a  s[iecial  fitness  cannot  be  met,  I 
immediately  the  species  will  disapi>eur.  For  example,  the'l 
native  aheep  of  England  have  developed  a  long  wool  fitted  tol 
protect  them  in  a  cool,  damp  climate.  Such  sheep,  trao&ferred'f 
to  Cuba,  died  in  a  short  time,  leaving  no  descendants.  The! 
warm  fleece,  eo  useful  in  England,  rendered  them  wholly  unfit! 


^^^ 


for  survival  in  the  tropics.  It  is  one  advantage  of  i 
compared  with  other  forms  of  life,  that  so  many  of  his  adapt 
tions  are  external  to  liis  structure,  and  can  be  cast  aside  win 
necessity  arises. 

The  great  fact  of  nature  is  ftda])tation.     But  while  g 
adaptation  to  widespread  conditions  is  universal,  there  exial 
also  a   multitude  and   variely  of  npi'eial  adaptations  fittiR] 
organisms   to   special   conditions.     The.-(e  sjwK'ial   adaptatioi 
arrest  our  attention  to  a  greater  degree  than  general  ndaptatJO) 
because  they  furnish  the  element  of  contrast. 

The  various  types  of  si^ccial  adaptations  may  l>e  roo^ljj 
divided  into  five  classes  as  follows:  (o)  Food-securing;  (b)  i  ' 
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defenap;  fc)  tlofensc  of  young;  (d)  rivalry;  (e)  adjustment  to 
surrounds  iigH. 

Tor  the  piir|)osc  of  capture  of  their  proy,  most  carnivorous 
animals  are  provided  with  strong  claws,  sharp  teeth,  hooked 
beaks,  and  other  structures  famihar  to  us  in  the  lion,  tiger, 
dog,  cat,  owl,  and  eagle.  Insect-eating  mammals  have  con- 
trivances especially  adapted  for  the  catching  of  insects.  The 
ant-eater,  for  example,  has  a  long  sticky  tongue  which  it  thrusts 
forth  from  its  cylindrical 
sniiut  deep  into  the  recesses 
of  the  ant-hill,  bringing  it 
out  with  its  surface  covered 
with  ants.  Animals  which 
feed  on  mits  are  fitted  with 
strong  teeth  or  beaks  for 
cracking  them.  Strong  teeth 
are  foimd  in  those  fislies 
which  feed  on  crabs,  or  sea 
urchins.  Those  mammals 
like  the  horse  and  cow,  that 
feed  on  plants,  have  usually 
broad  chisellike  incisor  terfh 
for  cutting  off  the  foUage. 
and  teeth  of  very  similar 
form  are  develo|)ed  in  dif- 
ferent groujK  of  plant-oalinp 
fishes.  Molar  teeth  are  foumi 
when  it  is  necessary  that  the 
food   should   be  crushed   or 

chewed,  and  the  sharp  canine  teeth  go  with  a  flesh  diet.  The 
lonK  neck  of  the  giraffe  enables  it  to  browse  on  the  foliage  of 
trees  in  grasslo.ss  regions. 

lii.-*c('(s  like  the  Iciif -beetles  and  the  grasshoppers,  that  feed 
on  (he  fdliiiKo  of  plants,  have  a  pair  of  jaws,  broad  but  sharply 
ed^ed.  for  ciittiiif;  ofT  bits  of  leaves  and  stems.  Those  which 
taki'  iinly  Hrniid  fcxid,  :ih  the  butterflies  and  sucking  bugs, 
lune  their  moiilli  ]i:irts  modified  to  form  a  slender,  hollow 
sucking  beak  or  priilMisci:*.  which  can  l>e  thrust  into  a  flower 
nc<-t;try.  or  iiilii  the  ^reen  tissue  of  plants  or  the  flesh  of  animals, 
tci  suck  ii|)  iicciar  or  plant  sap,  or  blood,  according  to  the 
^|H'ci:il  fciod  lijibiiM  of  the  insect.     The  honey-bee  has  a  very 
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complicated  equipment  of  mouth  parts  fitted  for  taking  either 
Bolid  food  like  pollen,  or  liquid  fond  like  the  iiRCtar  of  flowers. 
The  mosquito  has  ii  "bill"  composed  of  six  sharp,  slender 
needles  for  piercing  and  lacerating  the  flesh,  and  a  long 
tubular  under  lip  through  which  the  blood  can  flow  into  the 
mouth.  Some  predacoous  insects,  as  the  praying  horse  (Fig. 
38),  have  their  fore  legs  developed  into  formidable  grasping 
organs  for  seizing  and  holding  their  prey. 


(Phol<«raph  by  A.  I 

For  self- protect  ion  the  higher  animals  depend  largely  on 
the  same  organs  and  instincts  as  for  the  securing  of  food.  Car- 
nivorous beasts  use  tootli  and  claw  in  their  own  defense  as 
well  as  in  securing  their  prey,  but  these  as  well  as  other  animals 
may  protect  themselves  in  other  fashions.  Many  of  the  higher 
animals  are  provided  with  horns,  structures  useless  in  procuring 
food,  but  effective  as  weapons  of  defense.  Others  defend 
themselves  by  blows  with  their  strong  hoofs.  Among  the 
reptiles  and  fishes  and  even  among  the  mammals,  the  defensive 
coat  of  mail  is  found  in  great  variety,  Tlie  turtle,  the  armadtlUi. 
the  sturgeon,  and  gar  pike,  all  these  show  the  value  of  defenavo 
armature,  and  bony  shields  are  developed  to  a  still  greater 
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degree  in  various  extinct  types  of  fishes.  The  crab  and  lobster 
with  claws  and  carapace  are  well  defended  against  their  enemies, 
and  the  hermit  crab,  with  its  trick  of  thrusting  its  unprotected 
body  within  a  cast-off  shell  of  a  sea  snail,  finds  in  this  instinct 
a  perfect  defense.  Insects  also,  especially  beetles,  are  protected 
by  their  coats  of  mail.  Scales  and  spines  of  many  sorts  serve 
to  defend  the  bodies  of  rep- 
tiles and  fishes,  while  feathers 
protect  the  bodies  of  birds 
and  hair  those  of  most 
mammals. 

The  ways  in  which  ani- 
mals make  themselves  dis- 
agreeable or  dangerous  to 
their  captors  are  almost  as 
varied  as  the  animals  them- 
selves. Besides  the  teeth, 
claws,  and  horns  of  ordinary 
attack  and  defense,  we  find 
among  the  mammals  many 
special  structures  or  con- 
trivances which  serve  for 
defense  through  making  their 
possessors  unpleasant.  The 
scent  glands  of  the  skunk 
and  its  relatives  serve  as 
examples.  The  porcupine  has 
the  bristles  in  its  fur  special- 
ized as  (|uiUs,  barbed  and 
detachable.  These  qitills  fill 
the   month   of   an   attacking 

wolf  or  fox,  and  serve  wpjl  the  purpose  of  defense.  The 
hedgehog  of  Euro|)0,  an  animal  of  different  nature,  being  re- 
lated rather  to  the  mole  than  to  the  squirrel,  has  a  similar 
arnmlurc  of  (juills.  Tlie  arma<liHo  of  the  tropics  has  movable 
shields,  and  when  it  withdraws  its  head  (also  defended  by  a 
iKtny  shield)  it  is  as  wi-ll  iirolccteil  as  a  turtle. 

The  turtli's  arc  idl  i>n>te<'tcd  by  bony  sluclds,  and  some  of 
them,  the  \m\  tiirllcs,  niny  dose  their  shields  almost  hermet- 
ically. The  snakes  broaden  their  heads,  swell  Iheir  necks,  or 
show  their  forked  tongues  to  frighten  their  enemies.     Some  of 
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them  are  further  armed  with  fangs  connecteii  with  a  vpnond 
gland,  so  that  to  moat  animals  their  bite  is  deadly.     Bcsidei 


a  by  Ihc  I 


le  grnal  Ceanolhui  iiiulL.  SaMi 


its  fangs  the  rattlesnake  has  a  rattle  on  the  tail  made  up  of  4 
succession  of  bony  clappers,  modified  vertebriD,  and  peaica, 
by  which  intruders  are  warned  of  its  pri>- 
aence.  Tliis  sharp  and  insistent  buzz  is  g 
warning  to  animals  of  other  aperies  and 
{lerhaps  a  recognition  signal  to  those  of  its 
kind. 

Even  the  fishes  have  many  modes  of 
self-defense  thruiigli  giving  pain  or  injury 
to  animals  who  would  swallow  them,    Til© 
catfish  or  horned  j>ijur.  wlien  attacked  sets 
immovably  the  sharp  spine  of  the  peetorftl 
fin,  inflicting  a  jagged  wound.     Pelican* 
which  have  swallowed  a  eatfisli  have  bwn 
known  to  die  of  the  wounds  inSiet«d  by 
the  fish's  spine.     In  the  group  of  scorpion 
fislies  and  toad    fishes  are  certain  gc 
in  wliicli  these  spines  are   provided  willt 
poison   glands.     These   may  inflict 
severe  wounds  to  other  fishes,  or  even  to 
birds  or  man,     One  of  this  group  of  poll 
fishes   is    tlie    nohi    (Emmi/drichthi/a). 
group  of  small  frtwh-wiiter  cntlishefl,  known 
as  the  mad  toms,  liave  also  a  poison  gland 
attached   to   the  pectoral  spine,  and   thi 
sting  is  most  exasiwrating,  like  the  a 
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of  the  wasp.  The  sting-rays  (Fig.  194),  of  which  there  are 
many  species,  have  a  strong  ja^ed  spine  on  the  tail,  covered 
with  slime,  and  armed  with  broad  sawlike  teeth.  This  in- 
flicts a  dangerous  wound^  not  through  the  presence  of  spe- 
cific venom,  but  from  the  danger  of  blood  poisoning  aris- 
ing from  the  slime,  and  the  ragged  or  unclean   cut. 

The  poisonous  alkaloids 
within  the  fleah  of  some  fishes 
{Tetraodon,  Balistes,  etc.) 
serve  to  destroy  the  enemies 
of  the  8])oeie8  while  sacrific- 
ing the  individual.  Theac 
alkaloids,  most  dcvcloi>ed  in 
the  spawning  season,  pro- 
duce a  disease,  known  in 
man  as  ciguatera.  This  is 
rarely  known  outside  of  the 
tropirs. 

Many  fishes  are  defended 
by  a  coat  of  mail  or  a  roat 
of  sharp  thorns.  Tlie  globe 
fishes  and  porcupine  fishes 
are  for  tlio  most  i>art  de- 
fended by  spines,  but  tlieir 
instinct  to  swallow  air  gives 
them  an  additional  sufegiianl. 
When  one  of  these  fi.shes  is 
di8tiirl)ed  it  rises  to  the  sur- 
face, gul]TS  air  until  its  capa-  _  _ 
eioua  stomach  is  fille<l,  and  iromi'Msma.  " 
then  lloiils  Iw'lly  upward  on 

tlie  water.  It  is  thus  protected  from  other  fishes,  though  easily 
taken  by  iiuin.  The  torpedo,  electric  eel,  electric  catfish,  and 
Htar-Kazcr,  mirprise  and  stagger  their  captors  by  means  of  electric 
shocks.  In  the  torjxMlo  or  electric  ray  {I'ig.  lOS),  of  which 
siM'cies  lire  found  on  the  sandy  shores  of  all  warm  seas,  on 
eilhcr  siilc  of  ihc  heiid  is  a  large  hoiieyconiblikc  structure 
whiiJi  vi<-Ms  :i  .siniiiK  i-leetric  shuck  wheticvcr  the  live  fish  is 
l.niehe.1.  This  shock  is  fell  s.'vercly  if  the  fish  Im-  Mtih\>i-i\  with 
a  knife  or  nictallic  siN-ar.  The  eieetric  eel  <if  tlie  rivers  iif 
Paraguay  and  southern  Brazil  is  said  to  give  severe  shocks  to 
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herds  of  wild  horses  driven  tlirough  ihe  streama,  and  siniilsc 
accounts  are  given  of  the  electric  catfish  of  the  Nile.  In 
tropical  seas,  the  tangs  or  surgeon  fishes  (Hepatm)  are  provided 
with  a  itnifelike  spine  on  the  side  of  the  tail,  the  sharp  edge 
directcfl  forward  und  slipping  into  a  sheath.  This  is  a  formi- 
dable weapon  when  the  fish  h 
alive. 

Other  fishes  defend  ihem- 
wives  by  spears  (swordfish, 
s|)earfiflh,  sailfish)  or  liy  saws 
(sawfish,  sawshark)  or  by  pad- 
dles, (paddlefish).  Others  still, 
make  use  of  sucking  disks  of 
one  sort  or  another  (as  in  tha 
snailfish,  the  clingfish,  ami  the 
goby),  to  cling  to  the  under 
side  of  rocks,  or  as  in  the 
Remora  to  the  bodies  of  swift' 
moving  sliarks.  Blind  fishes  in 
the  caves  are  adapted  to  thdr 
condition,  the  eyes  l>eing  obso- 
lete, while  the  skin  is  covered 
with  rows  of  sensitive  papillx. 
In  similar  circumstances  sala- 
manders, crayfishes,  and  insects 
are  also  blind.  There  are  also 
bhnd  gobies  which  hvc  in  th« 
cre^ces  of  rocks  and  still  other 
blind  fishes  in  the  great  depths 
of  the  sea. 

Some  fislies,  as  the  lancelet,  lie  buried  in  the  sand  nil  their 
lives.  Others,  as  the  sand  darter  (Ammocrypla  pelhicida)  and 
the  hinalea  (J»fis  gaimarfii),  bury  themselves  in  the  sand  at 
intervals  to  escape  from  their  enemies.  Some  live  in  thi 
cavities  of  tunicates  or  sponges  or  holothuriana  or  oonds  « 
oysters,  often  passing  their  whole  lives  inside  the  cjvvity  of 
animal.  Many  others  hide  tlienist'lvps  in  the  interstices  irf 
kelp  or  scaweeils.  Some  eels  coil  themselves  in  the  creviettf 
of  rocks  or  <'oral  massep.  striking  ut  their  prey  like  siwlwH. 
Some  sea-horses  cling  by  their  tails  to  gulfwowl  or  sea-wtaclt. 
Many  little  fishes  (Gatnomorus,  Carangiis,  Psenea)  cluster  undd 
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the  stinging  tentacles  of  the  Portuguese  man-of-war  or  under 
ordinary  jellyfishos. 

Home  fishes  called  tlie  flying  fishes  sail  through  the  air  with 
a  grasshopperhke  motion  that  closely  imitates  true  flight. 
The  long  pectoral  fins,  wingliice  in  form,  cannot,  however,  be 
flapped  by  the  fish,  the  muscles  serving  only  to  expand  or  fold 
them.  These  fishes  live  in  the  open  sea  or  open  channels, 
swimming  in  large  schools.     The  small  species  fly  for  a  few 


feet  only,  the  large  oru-a  for  more  than  an  eighth  of  a  mile. 
These  may  rise  five  to  twenty  feet  almve  the  water. 

The  flight  of  one  of  the  largest  flying  fishes  {Cypselurus  cali- 
fornicim)  haa  l>ot'n  carefully  studied  by  Dr.  Charles  H.  Gilbert 
and  the  senior  author.  The  movements  of  the  fish  in  the  water 
arc  extremely  rapid.  The  sole  motive  [rawer  is  the  action 
under  the  water  of  the  strong  tail.  No  force  can  be  acquired 
while  the  fish  is  in  tiic  air.  On  rising  from  the  water  the  move- 
mcnl.s  of  the  tail  arc  continuous  until  tlie  whole  body  is  out  of 
the  water.  When  the  tail  is  in  motion  tlie  ix'ctorals  seem  in 
a  -state  of  rapid  vibration.  This  is  not  produced  by  mu.tcniar 
action  un  the  fins  t henhsi'lves.  It  is  the  body  of  the  fish  which 
vibrates,  the  ]H'ctorals  projecting  farthest  having  the  greatest 
amplitude  of  movement.     While  the  tail  is  in  the  water  the 
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s  are  folded.     When  the  action  of  the  tail  oeasm 

)ral9  and  ventrals  arc  spread  out  wide  and  held  at  rc^t. 

are  not  used  as  true  winRs.  but  are  heJ<i  out  firmly,  acting 

-chutes,   enabhng   the   bixly    to  Hkim  through   tlie  air. 

,he  fish  bt'giiLs  to  fall  the  tail  touches  the  water.     Aa 

>  it  is  in  the  water  it  begins  its  motion,  and  the  body 

!"•  pectorals  again  begins  to  vibrate.     The  fish  may,  by 

g  the  water,  regain  motion  once  or  twice,  but  it  finally 

tito  the  water  with  a  splash.     Wliile  in  the  air  it  fiuggesta 

ge  dragon  fly.     The  motion  is  very  swift,  at  first  in  a 

rht  line,  but  is  later  deflected  in  a  curve,  the  direction 

;  little  or  no  relation  to  that  of  the  wind.     When  a 

passes  througfi  a  school  of  these  fishes,  they  spring  up 

it,  moving  in  all  directions,  as  grasshoppers  in  a  meadow. 

the  insects,  the  possession  of  stings  is  not  uncom- 

,-3  wasps  and  bees  are  familiar  examples  of  stinging 

,  but  many  other  kinds,  less  familiar,  are  similarly  pro- 

lecteQ.     All  insects  have  their  bodies  cuvered  with  a  coat  of 

armor,  composed  of  a  horny  substance  called  chitin.     In  some 

cases,  this  chitinous  coat  is  very  thick  and  serves  to  protect 

them  effectually.     This  is  especially  true  of  the  beetles.     Some 

insects  are  inedible,  and  are  conspicuously  colored  so  as  to 

be   readily   recognized    by   insccti\'orous    birds.     The   birds, 

knowing  by  experience  tliat  these  insects  are  ill-tasting,  avoid 

them.     Others  are  effectively  concealed   from   their  enemies 

by   their   close  resemblance   in   color   and    marking  to   their 

surroundings.     These   protective  resemblances   are   discussed 

in  Chapter  XIX. 

To  the  category  of  structures  which  may  be  useftil  in  self- 
defense  belong  the  many  peculiarities  of  coloration  known  as 
"recognition  marks."  These  are  marks,  not  otherwise  helpful, 
which  are  supposed  to  enable  members  of  any  one  species  to 
recognize  its  kind  among  the  mass  of  animal  hfe.  To  this 
category  belongs  the  black  tip  of  the  weasel's  tail,  which  re- 
mains the  same  whatever  the  ciiangcs  in  the  outer  fur.  Another 
example  is  seen  in  the  white  outer  feathers  of  the  tail  of  the 
meadow  lark  as  welt  as  in  certain  sjiarrows  and  warblers. 
The  white  on  the  skunk's  back  und  tail  may  serve  the  same 
purpose  and  also  as  a  warning.  It  is  aiiparcntly  to  the  skimk's 
advantage  not  to  be  hidden,  for  to  be  .seen  in  the  crowd  of  ani- 
mals is  to  be  avoided  by  them.    That  recognition  is  the  actual 
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function  of  such  markings  has  never  been  clearly  proved.  The 
songs  of  birds  and  the  calls  of  various  creatures  may  serve  also 
as  recognition  marks.  Each  species  knows  and  heeds  its  own 
characteristic  song  or  cry,  and  it  is  a  source  of  mutual  pro- 
tection. The  fur-seal  pup  knows  its  mother's  call,  even  though 
ten  thousand  other  mothers  are  calling  on  the  same  rookery. 

In  questions  of  attack  and  defense,  tlie  need  of  fighting 
animals  of  their  own  kind,  as  well  as  animals  of  other  races, 
must  be  considered.  To  struggles 
of  species  with  those  of  their  own 
kuid,  the  term  rivalry  may  be  ap- 
plied. Actual  warfare  is  confined 
mainly  to  males  in  the  breeding 
season,  especially  in  jrolygamous 
species.  Among  those  in  which 
the  male  mates  with  many  females, 
he  must  struggle  with  other  males 
for  their  possession.  In  all  the 
groups  of  vertebrates  the  sexes 
are  about  equal  in  numbers. 
Among  monogamous  animals,  which 
mate  for  the  season  or  for  life, 
there  is  less  occasion  for  destruc- 
tive rivalry. 

Among   monogamous   birds,  or       Fin.i07.-EB,™eof .hecii- 

thoSC    whil'll    pair,    the    male    courts  ri>mia  hamdoar  otuKn,  Aa/a 

the  female  of   his   choice  by  song  bitomiaia.  tat  apm  to  tbow 

and     by     display     of     his     bright  J^Xi^ly""  one  l^TtTIbt 

feathers.     Aceonling  to  the  theory  •!«'•■ 

of  sexual  sclcelion,  the  female  con- 
sents to  \k  ciioscn  by  the  one  which  pleases  her.  It  is  as- 
sumed that  the  handsomest,  most  vivaeiouM,  anil  most  musi- 
I'id  niah's  are  the  (nies  most  successful  in  such  courtship. 
With  polvKainnus  iiiiimals  there  is  intense  rivalry  among  the 
males  in  the  iiiatiiiE  season,  which  in  almost  all  species  is  in 
(he  spring.  Tlir  strongest  nuiles  survive  and  reproduce  their 
strt'TigHi.  The  most  noljible  adaptation  is  seen  in  the  suju-rior 
.size  of  (ri'ih,  hiirns,  niiine,  or  s]>urs.  Among  ihe  |K)lvgjinious 
fur  seals  and  se;i  lions  llu'  male  is  about  four  limes  the  size  of 
the  fcTuali'.  In  the  iMilyganious  family  of  deer,  buffalo,  and 
the  domestic  cattle  and  .sheep,  the  male  is  larger  and  more 
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powerfully  armed  than  the  female.     In  the  ]H)lygaiiioiia  groin 
to  which  the  hen,  tiirkey,  and  peacock  bctong.  the  mates  jm 
sess  the  display  of  plumage,  and  the  strnclures  adapted  iai 
6ghting,  with  the  will  to  use  thetn. 

The  protection  of  the  young  is  the  source  of  many  ndaptiv 
structures  as  well  as  of  the  instincts  by  which  such  atructlu 
are  utilized.     In  general  those  animals  are  highest  in  devel 
nient.  with  the  best  means  of  holding  Ihcir  own  in  the  struj 
for  life,  that  take  beat  care  of  their  young.     Tlioee  insttticl 
which  lead  to  home  building  are  all  adaptations  for  j: 


the  young.     Among  the  lower  or  more  coarsely  orpaniEed  bin 
Buch  as  the  chicken,  the  dvick,  and  the  auk,  as  willi  the  reptile 
the  young  animal  is  hatched  with   weII-devplo|M?d   miacul 
system  and  sense  organs,  and  is  capable  of  running  about,  a 
to  some  extent,  of  feeding  itself.     Birds  of  this  tyi>c  arc  know; 
as  prsecocial,  while  the  name  altricial  is  applied  to  the  t 
highly  organized  forms,  such  as  the  tiirushps,  dovra.  and  i 
birds  generally.     With  these  the  young  an-  hatched  in  a  wboll^ 
helpless  condition,  with   ineffective  muscles,  deficient   i 
and  dependent  wholly  upon  the  parent.     The  altricial  conditioi 
demands  the  building  of  a  nest,  the  establishment  of  a  hot 
and  the  continued  care  of  one  or  both  of  the  parents. 

The  very  lowest  mammak  known,  the  duck  bills  (Moi 
trome.s)  of  Australia,  lay  large  eggs  in  a  strong  shell  like  ttu 
of  a  turtle,  and  these  they  guard  with  great  jealousy.     Bdl 
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with  almost  all  mammals  the  egg  ia  very  small  and  without 
much  food  yolk.     The  egg  begins  its  development  within  the 


is  iimirishi'd  liy  the  Idond  of  the  mother,  and  nfler 
yimntr  U  cherished  by  her,  and  fed  by  milk  secreted 
by   speeialized   glands   of   the   skin.     All   these   features   are 
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^H  lulaptatioiiH  tending  toward    the    prpsrrvation  of  the 

^^M  In  the  MtirsupialK,  which  stund  next  to  the  Monolrein«s — \h 

^^M  kangaroo,  opossum,  etc. — the  young  are  born  in  a  very  im 

^^M  mature  stuto  and  are  at  once  seized  by  the  mother  and  tlirua 

^^P  into  a  pouch  or  fold  of  skin  along  the  alxlomen,  whera  they  ar 

^H  -         kept  until  they  are  able  to  take  car 

of  themselves   (Fig.  199 ).     This   is   i 
singular   adaptation,  but   less  s)K-(-iat 
izcd   and  leas  perfect  than  the  con»I 
(iun  found  in  ordinary  nmmma)t<, 
'""cock^h.   "'  ""  Among  the  inscels,  the  epccinl  pn 

vifiiona  for  the  protection  and  care  t 
the  eggs  and  the  young  are  widespread  and  various.     The  eg(^ 
of  the  common  cockroach  are  laid  in  small  packets  inclose< 
in  a  firm  wall  (Fig.  200).     The  eggs  of  the  great  water  bug 
are  carried  on  the  back  of  the  male  (Fig.  201):  and  the  epidep 
lay  their  eggs  in  a  silken  sac  or  cocoon,  and  some  of  the  groun< 
or  running  spiders  (Lycosidie) ,  drag  this  egg  sac,  attaclied  t 
the   tip   of   the   alxlomon,  about   with 
them.    The  young  spiders  when  hatched 
live  for  some  days  inside  this  sac,  feed- 
ing on  each  other.     Many  insects  have 
long,  sharp,    piercing    ovipositors,    by 
means  of  which  the  eggs  are  tlirust  into 
the  ground  or  into  the  leaves  or  stems 
of  green  plants,  or  even  into  the  hard 
wood  of  tree  trunks,     Some  of  the  scale 
insects  secrete  wax   from  their  bodies 
and   form  a  large,  often  beautiful  egg 
case  attached   to  and  nearly  covering 
the  body  in  which   eggs  are  deposited. 
The  various  gall  insects  lay  their  eggs 
in    the   soft    tissue  of  plants,    and  on 
the  hatching  of  the  larva   an  abnormal  growth  of  the  pla 
occurs  about  the  young  insect,  forming  an  inclosing  gall  thai 
serves  not  only  to  protect  the  insect  within,  but  to  fumiali 
it  with  an  abundance  of  plant  sap,  its  food.     The  young  in 
sect  remains  in  the  gall   until  it  completes  it«  dcveloptn 
and  growth,  when  it  gnaws  its  way  out,     Such  Insect  k»Us  i 

1  especially  abundant  on  oak  trees  (Fig'f.  2J2  and  203). 
The  movements  of  migratory  fislies  are  mainly  coQlroUt 
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by  the  impulse  of  reproduction.  Some  pelagic  fishes,  especially 
those  of  the  mackerel  and  flying  fish  families,  swim  long  dis- 
tances to  a  region  favorable  for  the  depoeition  of  spawn.  Others 
pursue  for  equal  distances  the  schools  of  herring,  menhaden,  or 
other  fishes  which  serve  as  their  prey.  Some  species  are  known 
mainly  in  the  waters  they  make  their  breeding  homes,  as  in 


mil  fly.  MuMlUf 


Cuba,  ponlhi'm  C'litiforniii,  Hawaii,  or  Japan,  the  indivtduab 
Iwing  MC!itlrr«ti  at  otiier  tinit-s  through  the  wide  seas. 

Many  fri-sh-wdlcr  fislifs,  as  trout  and  suckora.  forsake  the 
lar{!c  slrciiiiis  in  the  spring,  ascending  the  small  brooks  where 
thoir  Vdiing  can  Ik;  reared  in  greater  safety.  Still  others, 
known  as  jinjuironiiius  fishes,  fi-rd  and  raatiirc  in  the  sea,  but 
as<'('nd  the  riv<Ts  as  tlic  impulse  of  re|)riMlnrtion  grows  strong. 
Anuiiig  such  lislics  are  the  salmon,  shad,  niewife,  sturgeon,  and 
striiK'd  buss  in  American  waters.     The  most  remarkable  case 
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of  the  ftnadroroouii  instJnrt  b  found  in  the  kiD|E  salmon  or  I 
quimut  (Oi^arhjfnrhtu  l»f^ttytgfke)  of  the  P^fir  Coast.  I 
Thid  grmt  fkh  s]M«iifi  \a  \ovi-iubn'.  at  tine  af»  of  four  years  1 
and  with  an  svem^  wnKht  of  twenty-two  pouniis.  In  the  I 
Columbia  River  it  be^iiu  rumiinf;  with  (lie  s)>riiig  freslipis  in  f 
Starch  and  April.  It  spends  tlie  whole  Bummer  witbout  feeding  J 
in  the  ascent  of  the  rivpr.     By  the  autumn,  the  individualsl 


Fid.  303— Gianl  nU  of  llw  while  («h  (Ctlib 
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have  readiPil  ittc  miiiinlnin  slrranL=<  of  lilnho,  greatly  chanKed 
in  appearance,  diacolorod,  worn,  and  distorted.  Tlie  male  i.' 
hmnpbft(^krd,  with  sunken  scales  and  greatly  enlarged,  hooked, 
bent,  or  twisted  juwa,  w-ith  enlarged  doglike  teeth.  On  reach- 
ing the  spawning  heds,  which  may  t>e  a  thousand  luilcs  from 
the  sea  in  the  CVilumbia,  over  two  thousand  miles  in  the  Yukon, 
the  female  deixisits  her  eggs  in  the  gravel  of  some  shallow  brook. 
Tlic  male  povitb  them  and  scrapes  the  gravel  over  them. 
Then  both  male  and  female  drift  tail  foremost  helplessly  down 
the  stream:  none,  so  far  as  certainly  known,  ever  siuTives  the 
reproduptive  act.  The  same  habits  are  found  in  the  four  othi 
^peril's  of  salmon  in  the  Pacific,  but  in  most  cases  the  indi^-iduals 
do  not  start  so  early  nor  run  so  far.  The  bhiebaek  salmon  or 
n^slfish,  however,  docs  not  fall  far  short  in  these  regards.  The 
salmon  of  the  Atlantic  has  a  i^imilar  habit,  but  the  distance 
traveled  is  everywhere  much  less,  and  the  hook-jawed  maltd 
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drop  back  down  to  the  sea  and  survive  to  repeat  the  acts  of 
reproduction. 

Catadromoua  fishes,  as  the  true  eel  (AiiffuiUa),  reverse  this 
order,  feeding  in  the  rivers  and  brackish  estuaries,  apparently 
finding  their  usual  spawning  ground  in  the  sea. 

A  large  part  of  the  life  of  the  animal  is  a  struggle  with  the 
environment  itself:  in  this  struggle  only  those  that  are  adapted, 
live  and  leave  descendants  fitted  like  themselves.  The  fur  of 
mammals  fits  them  to  their  surroundings.  As  the  fur  differs 
so  may  tlie  habits  change.  Some  animals  are  active  in  winter; 
others,  as  the  bear,  and  in  Northern  Japan,  the  red-faced  mon- 
key, hibernate,  sleeping  in  caves  or  hollow  trees  or  in  burrows, 
until  conditions  are  favorable  for  their  activity.  Most  snakes 
and  lizards  hibernate  in  cold  weather.  In  the  swamps  of 
Louisiana,  in  winter,  the  bottom  may  often  be  seen  covered 
with  water  snakes  lying  as  inert  as  dead  twigs.  Usually, 
however,  hibernation  is  accompanied  by  concealment.     Some 


aninutls  in  hibernation  may  l)c  frozen  ahve  without  apparent 
inJTiry.  The  lilai-kfish  of  tlie  Alaska  swampH,  ivd  to  tiops  when 
frozen  nolid.  luis  bci-n  known  to  revive  in  (he  heat  of  the  dog's 
stornacli  itnd  In  wrlnKle  out  and  oscai>o.  As  jininmls  resist 
heat  and  <'ol<l  liy  a<l:iptalLoiis  of  slrurturo  and  habits,  so  may 
they  resist  dryness,  (.'crtain  fi-HlKW  hold  reservoirs  of  water 
alxivc  their  giU.-^,  by  uicaiis  of  which  they  can  breathe  during 


K\'0LIT10X  ANI>  .\XI1HL  UFE 

exntnion?  from   the  water.     8til]  others  (mud   fishes) 

t  the  primitive  lunglike  siruoiure  of  the  swim  bladder, 

ire  ftUe  to  breathe  air  when,  in  the  dry  season,  the  water 

of  the  pools  is  reducrd 

to  mud. 

Another    series    of 

adaptations      is      con- 

eemed  with  the  plarcs 

chosen  by  aoimala  for 

their  homes.  The  fishes 

that  live  in  the  water 

have  special  orfrans  for 

Fm.  aoo.— Tree  luui.  Hyia  nviHa.  breathing  under  water 

(Fig.  204).      Many  of 

South  American  monkeys  have  the  tip  of  the  tail  adaptod 

clinging  to  lim)>s  of  trees  or  to  the  bodies  of  other  monkey's 

its  own  kind.     The  hooked  clasvs  of  the  bat  hold  on  lo 

rocks,  the  bricks  of  chimneys,  or  to  the 

surface   of   hollow   trees,   where    the    bat 

sleeps  through  the  day.     The  tree  frogs 

or  tree  toads  (Fig.  205)  have  the  tips  of 

the  toes   swollen,  forming  little   pads  by 

which  they  cling  to  the  bark  of  trees. 

Among  olher  adaptations  relating  to 
special  surroundings  or  conditions  of  life 
are  the  great  cheek  pouches  of  the  pocket 
gophers,  which  carry  off  the  soil  dug  up 
by  the  large  8ho^■ellike  feet  when  the 
gopher  excavates  its  burrow. 

Those  in.sects  which  live  underground, 
making  burrows  or  tunnels  in  the  soil, 
have  their  legs  or  other  parts  adapted  for 
digging  and  burrowing.  The  mole  cricket 
(Figs.  2U6  and  207)  has  its  legs  stout  and 
short,  with  broad,  shovellikc  feet.  Home 
water  beetles  and  water  bugs  liavc  one 
or  more  of  the  pairs  of  legs  flattened  and 
broad  to  serve  as  oars  or  patldles  for  swim- 
ming. The  grasshoppers  or  locusts,  which  leap,  have  tYitat 
hind  logs  greatly  enlarged  and  elongated,  and  provided  with 
strong  muscles  so  as  to  make  of  them  "leaping  legs,"     The 
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grubs  or  larva?  of  beetles  which  hve  as  "borers"  in  tree  tninke 
have  mere  rTidiments  of  legs,  or  none  at  all.  They  have  great, 
strong,  biting  jaws  for  cutting  away  the  hard  wood.  They 
move  simply  by  wrigghng  along  in  their  burrows  or  tunnels. 

Insects  that  hve  in  water  either  come 
up  to  the  surface  to  breathe  or  take  down 
air  underneath  their  wings,  or  in  some  other 
way,  or  have  gills  for  breathing  the  air 
which  is  mixed  with  the  water.  These  gills 
are  special  adaptive  structures  which  present 
a  great  variety  of  form  and  appearance.  In 
the  young  of  the  May  flies  they  are  delicate 
platelike  flaps  projecting  from  the  sides  of 
the  body.  They  are  kept  in  constant 
motion,  gently  waving  back  and  forth  in 
the  water  so  as  to  maintain  currents  to 
bring  fresh  water  in  contact  with  them. 
Yoimg  mosquitoes  do  not  have  gills,  but 
come  up  to  the  surface  to  breathe.  The 
larva;,  or  wrigglers,  breathe  through  a  special 
tube  at  the  posterior  tip  of  the  body,  while 
the  pupas  have  a  pair  of  hornlike  tubes  on 
the  back  of  the  head  end  of  (he  body. 

Many  fishes,  chiefly  of  the  deep  seas, 
develop  organs  for  produting  light.  These 
are  known  as  luminous  organs,  phosphor- 
espeiit  organs,  or  photopliores.  These  are 
indDi>on»h'nt  ly  devclofK-d  in  four  entirely 
unrelated  grDUjM*  of  Mies.  This  difference 
in  origin  is  accom]>umcd  by  corresponding 
differences  in  structure.  The  iMwt  known 
type  is  fiiund  in  the  Iniomi,  including  the 
luntcni  fislies  and  their  many  relatives. 
They  may  have  biminous  simUs,  differentiated  areas,  round  or 
obhmg,  which  shine  starhke  in  the  dark.  These  are  usually 
symnictriciilly  placed  on  the  sides  of  the  Iwdy.  They  may 
have  also  himlnous  glands  or  diffuse  areas  which  arc  luminous, 
but  wliich  (III  not  show  the  specialized  structure  of  the  phos- 
plioresccMl  sjhiIs.  These  gland.-i  of  similar  nature  to  the  spots 
are  nuwtly  oii  the  head  or  tail.  In  one  genus,  Mtho-prora,  the 
liiniinons  snnut   is  compared  to  the  headlight  of  iin  engine. 


Fio.  307.— Fntnt    h« 
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Bntirvlr  riiff«mit  an  the  pttoCoptmn;*  m  the  midshipnuui  or 
MnpnjE  &•)!  (f'anrhihip),  a  ip-nm  of  the  load  fiehe*!  or  Batrs- 
ehoidiiLr.  'rhcM*  Apeirim  live  neax  Ibr  aboiv  uvd  the  lumi- 
Dow  «p"U  ju*  iMitgriKM  lin  friim  jMires  of  the  latn«l  line. 

In  fine  of  the  ani;leni  (Curynoioplna  rrinManOi)  the  eam- 
plcx  bait  M  aitid  to  be  lumiiratts,  and  lumiBoiu  areas  occur 
on  the  bellr  of  s  nry 
sninll  »hark  uf  the  deep 
ania  of  Japan  (Etmoplmu 
liirijtrj.  lh-.P»i«Schmidt 
of  St.  PeterslMirs  hact  a 
drawing  of  lliU  aliark 
nuule  at  ni^hl  from  its 
on-n  light. 

While  among  the 
higher  or  vertebrate  nni- 
mab,  especially  the  fishes 
and  reptiles,  most  remark- 
able caj«^  of  adaptations 
ot'cur,  yet  the  structural 
clianges  are  for  tht.-  iiifisi 
part  external,  usually  not 
afTi-eting  fundamentally 
the  developnient  of  tlic  intertiiil  nrgjins  other  than  the  skeleton. 
The  orKatiiicaliiin  of  IhcsL'  hi^licr  iDiiniiil.s  is  much  less  plastic 
than  timt  of  tin-  invert cbrutes.  In  general,  the  higher  the 
ty|H!  tlie  more  perHisteiit  and  iinelianjrealile  are  those  struc- 
tun-M  not  iinrnediately  cxiMwed  to  tlie  iiidiienee  of  the  struggle 
for  exinteni-e.  It  i»  Ihiin  the  oMlsidc  <if  an  iinimal  that  tells 
where  lis  anceHtorn  liiive  lived.  The  inside,  suffering  Uttle 
change  whiilever  tlie  surroundings,  tells  the  real  nature  of  the 
animal. 
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CHAITKR  XVII 
PARASITISM  AND  DEGENERATION 

1^8  causes  de  revolution  regressive  peuvent  se  ramener  k  une 
scule,  la  limitation  des  moyens  de  subsistance,  dc  1^,  la  lutte  pour 
Texistence  entrc  les  organismcs  ou  les  societos,  et  entre  leurs  parties 
composantcs. — Demoou,  Massart,  and  Vandervelde. 

A  SPECIAL  kind  of  adaptation  is  that  sliown  by  parasitic 
animals.  The  relations  of  parasitic  animals  to  their  hosts 
appear  in  many  familiar  examples,  and  the  results  of  this  para- 
sitic life,  or  at  least  the  conditions  that  seem  always  to  attend 
it,  namely  the  degeneration,  slight  or  extreme,  of  the  parasites, 
is  also  familiar  to  all  observers  of  animal  life.  The  term  para- 
sitism, as  well  as  the  term  degeneration,  cannot  be  very 
rigidly  defined.  To  prey  upon  the  bodies  of  other  animals  is 
the  conunon  habit  of  manv  creatures.  If  the  animals  which 
live  in  this  way  are  free,  chasing  or  lying  in  wait  for  or  snaring 
their  prey,  we  speak  of  them  in  general  as  predatory  animals. 
Hut  if  thev  attach  themselves  to  the  bodv  of  their  prev  or 
burrow  into  it,  and  are  carried  about  by  it,  live  on  or  in  it, 
then  w(»  call  them  parasites.  And  the  difference  in  habit 
betw(»en  a  lion  an<l  an  intestinal  worm  is  large  enough  and 
marked  enough  to  make  very  clear  to  us  what  is  meant  when  we 
sp(»ak  of  one  as  pn^latory  and  the  other  as  a  parasite.  But 
how  shall  we  class  the  lamprey,  that  swims  about  until  it  finds 
a  fish  to  which  it  clings,  while*  sucking  away  its  blood?  It 
lives  mostly  fre<'.  hunting  its  ])rev,  clinging  to  it  for  a  while, 
and  is  carrie«i  about  bv  it.  Closelv  relate<l  to  th(»  lamprevs 
arc  \\w  hag  fishes  Offfxinr)  marine  eellike  fisln's  that  attach 
theinsi  Ives  by  a  suckerlike  mouth  to  living  fishes  and  gradually 
scrape  and  eat  th<Mr  wav  into  th(»  alxlominal  cavitv  of  th(»  host. 
These  "hags'*  or  *M)onTs"  approach  more  nearly  to  the  con- 
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temal  parasite  than  aoj-  otb«T  vertebral^.     And 

Nit  me  tk«7    In  its  immature  life  it  lives  as  a  white 

■ws  in  the  dust  of  cracks  and  crences.  of  Boars  and 

nd  heap!!  of  debris;  here  it  pupates,  and  finaUr  changes 

r  active  leaping  blood-^ueking  adult  which  linds  its  way 

oody  of  ettme  m&mmal  and  clings  there  mucking  blood. 

■■un  jump  ofT  and  hunt  other  prey;  it  leaves  the  host  body 

ly  to  lay  its  egga.  and  yet  it  feeda  a.s  a  pariu>ite,  al  least 

fnrniH  to  (he  definition  of  parasite  in  the  essential  fact  (rf 


Pio.  300.— At  ths  left. 

of  (beam 


being  carried  about  on  or  in  the  hast  body,  while  feeding  at  the 
host's  expense. 

It  is  of  courne  not  partifulariy  important  that  we  distinguish 
sharply  between  parasitic  and  predaoeous  animals,  but  as  we 
look  on  the  defeneration  of  parasitic  animals  as  the  result  of 
their  s|)eeial  habit  of  life,  we  muHt  attempt  a  sort  of  classifica- 
tion of  the  phases  or  doprees  of  panisitism,  in  order  to  asso- 
ciate with  them  corresponding  categories  of  degeneration. 

The  bird  lire  (Mallopha^a),  whieh  infest  the  bodies  of  all 
kinds  of  birds  and  are  found  especially  abundant  on  domestic 
fowls,  live  up(m  the  outside  of  the  bodies  of  their  hosts,  feeding 
upon  the  feathers  and  dermal  scales.  They  are  examples  of  ez- 
lertuit  parasites.  Other  exampli's  are  flca;^  and  ticks,  and  the 
crustaceiins  called  fish  lice  and  wlmle  lice,  which  are  attached 
to  marine  animals.  On  the  oilier  IkukI,  almost  all  animals 
are  infested  by  certain  parasitic  worm.-;  which  live  in  the  ali- 
nienlnry  cana],  like  the  tajwworni.  or  inibi'iMcd  in  the  muscles, 
like  the  trichina.  Thc^'  are  e,\ani|>li'?i  of  iiiUrnal  parasites. 
Such  [Mirasites  lielong  mostly  to  the  ilasw  uf  worms,  and  some 
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of  them  are  very  injurious,  sucking  the  blood  from  the  tissues 
of  the  host,  while  others  feed  solely  on  the  partly  digested 
food.  There  are  also  parasites  that  live  partly  within  and 
partly  on  the  outside  of  the  body,  like  the  Sacculinaj  which 
lives  on  various  kinds  of  crabs.  The  body  of  the  Sacculina 
consists  of  a  soft  sac  which  lies  on  the  outside  of  the  crab's 
body,  and  of  a  number  of  long,  slender  rootlike  processes 
which  penetrate  deeply  into  the  crab's  body,  and  take  up 
nourishment  from  within.  The  Sacculina  is  itself  a  crus- 
tacean or  crablike  creature.  The  classification  of  parasites 
as  external  and  internal  is  purely  arbitrary,  but  it  is  often  a 
matter  of  convenience. 

Some  parasites  live  for  their  whole  lifetime  on  or  in  the 
body  of  the  host,  as  is  the  case  with  the  bird  lice.  Their  eggs 
are  laid  on  the  feathers  of  the  bird  host ;  the  young  when  hatched 
remain  on  the  bird  during  growth  and  development,  and  the 
adults  only  rarely  leave  the  body,  usually  never.  These  may 
be  called  permanent  parasites.  On  the  other  hand,  fleas  leap 
off  or  on  a  dog  apparently  as  caprice  dictates;  or,  as  in  other 
cases,  the  parasite  may  pass  some  definite  part  of  its  life  as  a 
free  nonparasitic  organism,  attaching  itself,  after  development, 
to  some  animal,  and  remaining  there  for  the  rest  of  its  life. 
These  parasites  may  be  called  temporary  parasites.  But  this 
grouping  or  classification,  like  that  of  the  external  and  internal 
parasites,  is  simply  a  matter  of  convenience,  and  does  not 
indicate  at  all  any  blood  relationship  among  the  members  of 
any  one  group. 

Some  parasites  are  so  specialized  in  habit  and  structure  that 
they  are  wholly  unable  to  go  through  their  life  history,  or  to 
maintain  themselves,  except  in  a  single  fixed  way.  They  are 
dependent  wholly  on  one  particular  kind  of  host,  or  on  a  par- 
ticular series  of  hosts,  part  of  their  life  being  passed  in  one  and 
another  part  in  one  or  more  other  so-called  intermediate  hosts. 
These  parasitic  species  are  called  obligate  parasites^  while 
others  with  less  definite,  more  flexible  requirements  in  regard 
to  their  mode  of  development  and  life  are  called  facultative 
parasilcs.  These  latter  may  indeed  be  able  to  go  through  life 
as  froo-living,  nonparasitic  animals,  although,  with  oppor- 
tunity, they  live  parasitically. 

In  nearly  all  easels  the  Ixxly  of  a  parasite  is  simpler  in 
structure  than   the  bodv  of  other  animals  which  are  closelv 
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a  to  (be  p«ninte — that  ts.  animaU  that  Uvp  jiarasttieaU^ 
ntnpler  bodies  than  an i mats  ihal  live  free  active  lircs. 
ting  few  f(w«l  wiih  the  other  animals  aboul  them.    This 
riiy  is  not  primitive,  but  reeulte  from  the  loss  or  atrophy 
;  ntnict'Jres  niiich  the  mode  of  life  renders  useless.     Many 
ites  are  attached  gnnly  to  their  host,  and  do  not  mo^-« 
I.    They  have  no  nwd  of  the  power  of  locomotion.    They 
ctrried  by  their  host.     Such  parasites  are  usually  without 
{■,  Icjpi,  or  other  locomolorj'  organs.     Because  they  hs^-f! 
n  up  locomotion  they  have  no  need  of  organs  of  orientation, 
e  special  sense  organs  like  eyes  and  ears  and  feelers  which 
!  to  guide  and  direct  the  moving  animal:  and  most  non- 
totory  parasites  will  be  found  to  have  no  eyes,  nor  any 
organs  of  special  sense  which  are  accessory  to  locomotion 
■*ich  serve  for  the  detection  of  focKl  or  of  enemies.     Be- 
icse  important  organs,  which  depend  for  iheir  succe^ 
;ivity  on  a  highly  ot^anized  nervous  s\"stcm,  are  lackin;;, 
.,.v'  iiiTVfiii.s  system  of  parasites  is  usually  very  simjilp  and  un- 
developed.    Again,   because  the  para.site  usually  has  for  ita 
sustenance  the  already  digested  highly  nutritious  food  elabo- 
rated by  its  host,  most  parasites  have  a  very  simple  alimentary 
canal,  or  even  no  alimentary  canal  at  all.     Finally,  as  the  fixed 
parasite  leads  a  wholly  sedentary  and  inartive  life,  the  break- 
ing down  and  rebuilding  of  tissue  in  its  body  go  on  very  slowly 
and  in  minimum  degree,  and  there  is  no  need  of  highly  developed 
respiratory  and  circulatory  organs,  so  that  most  fixed  parasites 
have  these  systems  of  organs  in  simple  condition.     Altogether 
the  body  of  a  fixed,  permanent  parasite  is  so  simplified  and  so 
wanting  in  all  those  special  structures  which  characterize  the 
higher,  active,  complex  animals,  that  it  often  presents  a  very 
different  appearance  from  those  animals  with  which  we  know 
it  to  l>e  nearly  related. 

The  simplicity  of  parasites  does  not  indicate  that  they 
belong  to  the  groups  of  primitive  simple  animals.  Parasitism 
is  found  in  the  whole  range  of  animal  life,  from  primitive  to 
higliest,  although  the  vertelirato  aiiiniiils  inchiilc  very  few  para- 
sites and  these  of  little  specialiKiiliim  of  liabit.  But  their 
Bimplirity  ift  something  that  ha.s  resulted  from  their  mode  of 
hfe.  It  is  the  result  of  a  diange  in  the  Imdy  structure  which 
we  can  often  trace  in  the  (icvelopmoiit  of  the  individual  para- 
te.     klany  parasites  in  their  young  stages  are  free,  active 
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animals  with  a  better  or  more  complex  body  than  they  possess 
in  their  fully  developed  or  adult  stage.  The  simplicity  of 
parasites  is  the  result  of  degeneration — ^a  degeneration  that 
has  been  brought  about  by  their  adoption  of  a  sedentary,  non- 
competitive parasitic  life.  And  this  simplicity  of  degenera- 
tion, and  the  simplicity  of  primitiveness  should  be  sharply 
distinguished.  Animals  that  are  primitively  simple  have  had 
only  simple  ancestors ;  animals  that  are  simple  by  degeneration 
often  have  had  highly  organized,  complex  ancestors.  And 
while  in  the  life  history  or  development  of  a  primitively  simple 
animal  all  the  young  stages  are  simpler  than  the  adult,  in  a 
degenerate  animal  the  young  stages  may 
be,  and  usually  are,  more  complex  and 
more  highly  organized  than  the  adult 
stage. 

In  the  few  examples  of  parasitism 
(selected  from  various  animal  groups) 
that  are  described  in  the  following  pages 
all  these  general  statements  are  illus- 
trated. 

In  the  intestines  of  crayfishes,  centi- 
pedes, and  several  kinds  of  insects  may 
often  be  found  certain  one-celled  animals 
(Protozoa)  which  are  living  as  parasites. 
Their  food,  which  thev  take  into  their 
minute  body  by  absorption,  is  the  intes- 
tinal fluid  in  which  they  lie.  These  parasitic  Protozoa  belong 
to  the  genus  Gregarina.  Because  the  body  of  any  protozoan 
is  as  simple  as  an  animaPs  body  can  well  be,  being  com- 
[)ose(l  of  but  a  single  cell,  degeneration  cannot  occur  in  the 
cases  of  th(»so  ]mrasites.  There  are,  besides  Gregarina^  many 
other  panisitic  onc^celled  animals,  several  kinds  living  inside 
the  cells  of  their  host's  body.  Several  kinds  of  these  have 
b(»en  proviMl  to  l^e  the  causal  agents  of  serious  human  diseases. 
Conspicuous  among  tliese  are  the  minute  parasitic  Sporozoa 
which  an*  the  actual  cause  of  the  malarial  and  similar  fevers 
that  rack  the  human  l)ody  in  nearly  all  parts  of  the  world. 

In  th(»  class  of  S|)orozoa  (of  the  great  branch  IVotozoa  or 
oiu»-<('lle(l  animals)  is  an  order  called  Hemosporidia  (or  Hemo- 
cytozoa)  comprising  numerous  kinds  of  unicellular  parasites 
which  live  in  the  blood  of  vertebrates  (with  certain  inverte- 
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18  intermediate  or  alternate  hofits),     C<?rtain  kinds  nrfi 

'  tlie  cold  hltKid  of  fishes,  amphibiaas.  reptiles,  and 

lers  in  the  wnrm  hlixid  (if  hirdfi  and  nmminuls.     The 

■Iteridium   and   Planmodium   contain  certain  species 

e  exclusively  in  the  blood  of  hirds  or  mammals  for  part 

'■  life  and  in  the  bodies  of  certain  arthropods  for  the 

irt  of  their  life.     They   produce  a  series  of  asexual 

Minns  (reproduction  by  simple  division  or  sporidatJon) 

u-  vertebrate  hosts,  and  a  sexual  generation  (reproduction 

by    the    development 

of    a    zygote    formed 

by  the  fusion  of  two 

cells,   called  gametes) 

in  the  arthropod  host. 

This    arthropod    host 

for  all    the  species  so 

far     knomi    of     these 

genera   is   exclusively 

the  mosquito.     Three 

species    of    the  genus 

Plasmodium,    namely, 

P.  vivax,  P.  malaria, 

and  P.  faiciparum,  are 

the     specific      causal 

agents  of  the  distinct 

malarial  feversknown 

aa    tertian,    quartan, 

SehMi'din.)  '  and  tropical  fever  re- 

spectively. (In  the 
literature  of  "mosquitoes  and  malaria,"  the  name  " Hama- 
mfeba"  will  be  found  to  be  used  synonymously  with  PUu- 
modiunt.) 

I.averan,  a  French  surgeon  in  Algiers,  discovered  the  Plaa- 
modium  parasite  in  the  red  blood  corpuscles  of  malarial  fever 
patients  in  1880,  and  determined  that  the  disease  was  actually 
and  solely  due  to  the  destructive  and  toxic  effects  of  the  growth 
and  multiplication  of  the  parasite  in  the  blood.  Every  forty- 
eight  hours  in  tertian  fever  (se\'enty-t  wo  hours  in  quartan)  there 
is  com]>leted  a  whole  (asexual)  cycle  in  the  life  of  one  of  theee 
parasites,  including  its  birth  by  the  division  of  the  body  of 
the  mother  into  several  small  merozoites,  the  penetration  of 
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a  red  blood  corpuscle  by  each  of  these  merozoites,  the  growth 
of  the  parasite  in  the  blood  corpuscle  at  the  expense  of  the 
corpuscle,  the  maturing  and  sporulation  (or  division  into  new 
merozoites)  of  the  parasite,  and  the  final  breakdown  of  the 
corpuscle  and  release  into  the  blood  plasma  of  the  tiny  active 
merozoite.  Numerous  generations  of  this  type  are  produced 
in  the  blood  of  a  patient,  but  finally  a  sort  of  senescence  or 
degeneration  of  the  parasite  sets  in,  and  unless  there  is  a  fresh 
infection  of  the  patient  from  outside,  the  parasitic  host  dimin- 
ishes and  finally  nearly  disappears.  If  the  effects  of  the  para- 
site have  not  been  too  severe  during  the  height  of  its  invasion 
the  patient  now  recovers. 

For  the  continued  multiplication  and  persistence  of  the 
parasitic  species  a  new  process  or  set  of  conditions  is  necessary. 
If  a  drop  of  blood  drawn  from  a  malarial  patient  is  examined 
under  the  microscope  the  parasitic  individuals  abundantly  in 
evidence  in  this  blood  will  be  seen  to  manifest  a  curious  be- 
havior within  a  few  minutes.  Some  of  them  will  move  and 
squirm  about  with  great  activity,  and  extend  and  retract 
pseudopodiumlike  processes,  until  finally  with  great  rapidity 
a  few  (usually  four  to  six)  delicate  threadlike  flagella  or 
flagellalike  processes  will  shoot  out  from  the  body  mass  and 
break  away  from  it.  These  motile  flagella  are  really  gametes 
or  sexual  cells  of  one  type  (the  male)  while  other  large  nearly 
immobile  sub-spherical  parasite  individuals  which  do  not  be- 
have as  these  do  arc  gametes  or  sexual  cells  of  the  other  (or 
female)  type.  The  flagella  find  and  penetrate  or  fuse  with  the 
larger  gametes  and  form  a  zygote  or  resting  egg  cell. 

While  the  processes  just  described  have  been  taking  place 
in  the  blood  droplet  under  our  microscope,  as  a  matter  of  fact 
this  normally  takes  place  in  the  stomach  of  a  moscjuito.  For 
wh(»n  a  moscjuito  (at  least  of  a  certain  kind)  sucks  blood  from 
a  malarial  patient  the  blood  parasites  are  of  course  taken  in 
also  and  deposited  in  the  stomach  where  digestion  of  the  blood 
begins.  Now  when  the  zygotes  are  forme<l  in  the  mosquito's 
stomach  they  do  not  remain  lying  in  the  stomach  cavity  but 
move  to  th(»  wall  of  the  stomach  and  partially  |H»netrate  it. 
As  many  as  five  hundr<»(l  zygotes  have  b(»en  found  in  the 
stomach  walls  of  a  single  mosquito.  Tlie  zygote*  now  in- 
creases rapidly  in  size,  becoming  a  j)erceptible  nodule  on  the 
outer  side  of  the  stomach  wall,  but  soon  its  nucleus  and  prot'>- 
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be^n  to  break  up  by  reppated  dhn.sion  (the  p&rts  ail 
heU  togeth^'.  however,  in  the  wall  of  the  xrgot«).  anti 
J  end  of  the  twelfth  or  fourteenth  day  the  zygote's  proto- 
DUty  have  become  divided  inio  ten  thousand  minute 
izoites.    The  zygote  nail  now  breaks  don'n,  thus  releasing 
lousands  of  active  little  gporozoites  into  the  general  body 
T  of  the  moequito.    This  cavity   is   hlled  mth   flowing 
1  plasm — inserts  do  not  have  n  closed  but  an  almost  com- 
y  open  circulatory  system — and  swimming  about  in  this 
ii  the  8porozoit€s  soon  make  their  way  fom-ard  and  into 
ftUvary  glands  of  the  mosquito.     Now  when  the  insect 
<«  a  human  being  to  suck  blood,  it  injects  a  certain  amount 
ary  fluid  into  the  wound  (preaunmhly  to  keep  the  blood 
'tting  at  the  puncture)  and  with  this  fluid  go  many  of 
osoites.     Thus  a  new  infection  of  malaria  is  made, 
osoitcs  may  lie  in  the  salivary  glands  for  several  wwks, 
lOr  the  whole  time  from  twelve  to  fourteen  days  after 
the  mosquito  has  become  infected  with  the  malarial  paraate 
by  sucking  blood  from  a  malarial  patient  until  the  sporozoites 
in  the  salivary  glands  finally  die,  it  is  a  means  of  the  dissemina- 
tion of  the  disease.     There  can  be  no  malaria  without  mos- 
quitoes to  propagate  and  disseminate  it,  and  yet  no  mosquitoes 
can  propagate  and  disseminate  malaria  without  having  access 
to  malarial  patients.     The  only  mosquito  species  in  this  country 
which  has  been  proved  to  be  a  malaria  disseminator  is  Anofit- 
det   maculi-pennis,  a   Hi>otted- winged    form   spread    over    the 
whole  continent. 

In  the  great  branch  or  phylum  of  flatworms  (PlatyhelmiiK 
thee),  that  group  of  animals  which  of  all  the  principal  animal 
groups  is  widest  in  its  distribution,  perhaps  a  majority  of  the 
species  are  parasites.  Instead  of  Iwing  the  exception,  the 
parasitic  life  is  the  rule  among  these  worms.  Of  the  three 
classes  into  which  the  flatworms  arc  divided,  almost  all  of  the 
members  of  two  of  the  classes  are  parasites.  The  conmion 
tapeworm  {Ta:nia)  (Fig.  212),  which  lives  paraaitically  in  the 
intestine  of  man,  is  a  good  exani[)lo  of  one  of  these  classes. 
It  has  the  form  of  a  narrow  ribbon,  which  may  attwn  the 
length  of  several  yards,  attached  at  one  end  to  the  wall  of  the 
intestine,  the  remainder  hanging  freely  in  the  interior.  Its 
body  is  composed  of  segments  or  serially  arranged  parts,  of 
which  there  are  about  eight  hundred  and  fifty  altogether.     It 
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has  no  mouth  nor  alimentary  canal.  It  feeds  simply  by  ab- 
sorbing into  its  body,  throiigh  the  surface,  the  nutritious, 
abeady  digested  hquid  food  in  the  intestine.  There  are  no 
eyes  nor  other  special  sense  organs,  nor  anj'  organs  of  locomo- 
tion. The  body  is  very  degenerate.  The  life  history  of  the 
tapeworm  is  interesting,  because  of  the  necessity  of  two  hosts 
for  its  completion.  The  eggs  of  the  tapeworm  pass  from  the 
intestine  with  the  excreta,  and  must  be  taken  into  the  Ixniy 
of  some  other  animal  in  order  to  de- 
velop, tn  the  case  of  one  of  the  several 
species  of  ta|}ewnrms  that  infest  man, 
this  other  host  must  be  the  pig.  In 
the  alimentary  canal  of  the  pig  the 
young  tapeworm  develops  and  later 
bores  its  way  through  the  walls  of  the 
canal  and  becomes  imbedded  in  the 
muscles.  There  it  lies,  until  it  finds  its 
way  into  the  alimentary  canal  of  man 
by  his  eating  the  flesh  of  the  pig.  In 
the  intestine  of  man  the  tapeworm  con- 
tinues to  develop  until  it  becomes  full 
grown. 

In  a  lake  in  Yellowstone  Park  the 
suckers  are  infe.sted  by  one  of  the  flat- 
wiirm^  (LufnUi)  that  attains  a  size  of 
nearly  one  fourth  the  size  of  (he  fish  in 
whos<'  intestines  it  lives.  If  the  tape- 
worm iif  nmn  attained  such  a  compara- 
tive size,  a  man  of  two  hundred  pounds'  weight  would  be  in- 
fested liy  a  parasite  iif  fifty  jwunds'  weight. 

Aiiiitlier  gronp  of  animals,  many  of  whose  members  are 
pariLsilcri,  are  the  roundworms  or  threadworms  (Neniathel- 
minthes).  The  free-living  roundworms  are  active,  well- 
organized  animals,  hut  the  parasitic  kinds  all  show  a  greater 
or  less  degree  of  degeneration.  One  of  the  most  terrible  para- 
sites of  man  is  a  rtmndworm  calle<l  Trichina  npiralig  (Fig.  213), 
It  is  a  minute  worm,  from  one  to  three  millimeters  long,  which 
in  its  adult  condition  lives  in  the  intestine  of  man  or  of  the  pig 
or  other  niiimmals.  The  young  are  Imrn  alive  and  bore  through 
the  walls  of  the  intestine.  They  migrate  to  the  voluntary 
muscles  of  ihe  ho.sts,  es[>ecially  those  of  the  limbs  and  back, 
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and  here  each  worm  coils  itself  up  in  a  muscle  fiber  and  beronies 
inclosed  in  u  Bpiadle-shai>ed  cyst  or  cell  (Fig.  213),     A  single 
muscle  may  be  infested  by  Imndreds  of  thousands  of  these  \ 
minute  worms.     It  has  been  estimated  that  fully  one  hundred 
million  encystefl  worms  may  exist  in  the  muscles  of  a  "  trichin- 
heii "  human  body.     The  muscles  undergo  more  or  lees  de-  J 
generation,  and  the  death  of  tlie  host  may  occur.    It  is  necefiaary, . 
for   the   further   development    of   tlie.l 
wfirnts    that  the  flesh  of  the  hoat  ho] 
eaten    h\    another   mammal,    aa 
flefah  of  the  pig  by  man,  or  the  flesli 
of  man  lj\  a  pig  or  rat.     The  Trickirue 
m  the  alimentary  canal  of   the   new 
host  de\elop  into  active  adult  worms 
and  produce  new  young. 

In  the  \  ellowstone  Lake  the  trout 
are  infested  by  the  larvm  or  young  of 
1  rounilworni  {Botkriocephalits  cordi- 
c€p\)  which  reach  a  length  of  twenty 
inches  and  which  are  often  found 
stitched  J.3  it  were,  through  the  vis- 
(t-ra  and  the  muscles  of  the  iish.  The 
mfeated  trout  become  feeble  and  die, 
or  arc  eaten  by  the  peUcans  which  fish 
in  this  lake.  In  the  ahmentary  canal 
of  the  pelican  the  worms  become 
adult,  and  parts  of  the  worms  con- 
a.  Mule:  6.  cy»i;  c.  femniB.  talniiig  eggs  cscape  from  the  ali- 
mentary canal  with  the  excreta.  These 
portions  of  worms  are  eaten  by  the  trout,  and  the  eggs  pve 
hirth  to  new  worms  which  develop  in  the  bodies  of  the  fish 
with  disastrous  effects.  It  is  estimated  that  for  each  peHciiii 
irj  Vcllowsione  Liike  over  five  iiiiUiim  epgs  of  the  parasilii; 
worms  are  discliarged  into  the  lake. 

The  young  of  various  carnivorous  animab  are  often  infested 
by  one  of  the  s|iecies  of  roundworms  called  "pupwonna" 
(Unrinarin).  Recent  investigations  show  that  thousands  of 
the  young  or  pup  fur  seals  are  destroyed  each  year  by  these 
parasites.  The  eggs  of  the  worm  lie  through  the  winter  in  the 
sands  of  the  breeding  grounds  of  the  fur  seal.  The  young 
receive  them  from  the  fur  of  the  mother  and  the  worm  d^ 
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velops  in  the  upper  intestine.  It  feeds  on  ilic  \,\,h»\  <•[  llit- 
young  seal,  whieb  finully  dirs  from  ima-niiii,  *.)ii  the  aand 
I)ein-hcs  ,if  till'  sriil  islaruls  in  Itciiiig  Srn  tliw  iir..-  fvery  yoar 
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ing  the  more  highly  nrganizpd  animals  the  results  of  a 

■  1.1C  life,  in  degi'ee  of  stnii^lurfll  degeneratiijii,  can  be  more 

Been.     A  well-known  parasite,  belonging  to  the  Crus- 

— the  class  of  shrimps,  crabs,  lobsters,  and  crayfishes — is 

ia.    The  young  Saj^ulina  (Fig.  215,  A)  is  an  active,  free- 

■ig  larva  much  like  a  young  prawn  or  young  crab.     But 

t  bears  absolutely  no  resemblance  to  such  a  typical 

.jean  aa  a  crayfUh  or  crab.     The  Sacculina  after  a  short 
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period  of  independent  existence  attaches  itself  to  the  abdomen 
of  a  crab,  and  there  completes  its  development  while  living  as  a 
parasite.  In  its  adult  condition  (Fig.  215,  C)  it  is  simply  a  great 
tumorlike  sac,  bearing  many  delicate  rootlike  suckers  which 
penetrate  the  body  of  the  crab  host  and  absorb  nutriment. 
The  Saccidina  has  no  eyes,  no  mouth  parts,  no  legs,  or  other 
appendages,  and  hardly  any  of  the  usual  organs  except  re- 
productive organs.     Degeneration  here  is  carried  very  far. 

Other  parasitic  Crustacea,  as  the  numerous  kinds  of  fish 
lice  (Fig.  216)  which  live  attached  to  the  gills  or  to  other  parts 
of  fish,  and  derive  all  their  nutriment  from  the  body  of  the 
fish,  rfiow  various  degrees  of  degeneration.  With  some  of 
these  fish  lice  the  female,  which  looks  like  a  puffed-out  worm. 
is  attached  to  the  fish  or  other  aquatic  animal,  while  the  male, 
which  is  perhaps  only  a  tenth  of  the  size  of  the  female,  is  per- 
manently attached  to  the  female,  living  parasiticaUy  on  her. 
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Among  the  insects  there  are  many  kinds  that  live  para- 
sitically  for  part  of  their  life,  and  not  a  few  that  live  as 
parasites  for  their  whole  life.  The  true 
sucking  lice  and  the  bird  lice  live  for 
their  whole  lives  as  external  parasites 
on  the  bodies  of  their  host,  but  they 
are  not  fixed — that  is,  they  retain  their 
legs  and  power  of  locomotion,  although 
they  have  lost  their  wings  through  de- 
generation. The  eggs  of  the  lice  are 
deposited  on  the  hair  of  the  mammal 
or  bird  that  serves  as  host;  the  young 
hatch  and  immediately  begin  to  live  as 
parasites,  either  sucking  the  blood  or 
feeding  on  the  hair  or  feathers  of  the 
host.  In  the  order  Hymenoptera  there 
ai"e  several  families,  all  of  whose  mem- 
bers live  during  their  larval  stage  as  parasites.  We  may 
call  all  these  hymenopterous  parasites  ichneumon  flies.  The 
ichneumon  flies  are  parasites  of  other  insects,  especially  of  the 
larva;  of  beetles  and  moths  and  butter- 
flies. In  fact,  the  ichneumon  flies  do 
more  to  keep  in  check  the  increase  of  in- 
jurious and  destructive  caterpillars  than 
do  all  our  artificial  remedies  for  these  in- 
sect pests.  The  adult  ichneumon  fly  is 
four-winged  and  lives  an  active,  indepen- 
dent life.  It  lays  its  eggs  either  in  or  on 
or  near  some  caterpillar  or  beetle  grub, 
and  the  young  ichneumon,  when  hatched, 
burrows  into  the  bcKly  of  its  host,  fccd- 
Kia.  317.— Ths  irhnru-  iug  on  its  tlsNUfs,  but  uot  attacking  such 
ml^n  fly.  I'-mpia  ron-  organs  as  the  heart  or  nervous  ganglia, 
in  ihf  n^-i-.n  -it  ihn  whosc  injury  might  mean  immediate  death 
Anirrican  (ent  catn-  to  the  host.  The  Caterpillar  lives  with  the 
jLkr-  »i™ui  nl*urtj  ichneumon  grul>  within  it,  usually  until 
«„.)'  nearly  time  for  its  pupation.     In   many 

inwlances,  indeed,  it  piiiwtes  with  the 
[Winuiite  Nlill  feeding  within  its  IhkIv,  but  it  never  comes  to 
malurity.  The  larval  ichneumon  fly  pupates  either  within  the 
body  of  its  host  (Fig.  218)  or  in  a  tiny  silken  cocoon  outside 
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of  its  iKKiy,  Froni  tlio  cocoons  the  adiiU  wiiigwi  ii-hnpiimon 
flies  emerge,  and  after  mating  find  another  host  on  whose 
body  to  lay  tlieir  eggs. 

One  of  the  most  remarkable  ichneumon  8tes  is  Thalma 
(Fig.  219),  which  has  n  very  long,  slender,  flexible  ovi- 
positor, or  egg-laying  organ.  An  insect  known  as  t.iie  pigt-on 
homtail  (Tremex  columlMi)  (Fig.  220)  deposits  its  egg?,  by 
means  of  a  strong,  piercing  ovipositor,  half  an  inch  deep  in 
the  trunk  wood  of  growing  trees.  The  young  or  larval  Trcmrx 
is  a  Boft-biidied  white  grub,  which  bores  deeply  into  the  trunk 
of  the  tree,  filling  up  the  burrow  beliind  it  with  small  chips. 
The  Thalessa  b  a  parasite  of  the  Trcrnex,  and  "when  a  female 
ThxdesBa  Ends  a  tree  infested  by  Treinei.  she  selects  a  place 
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which  she  judges  is  opposite  a  Tremex  burrow,  and,  elevntingl 
her  long  ovipositor  in  a  loop  over  her  back,  with  its  tip  on  the  I 
bark  of  the  tree  (Fig,  221),  she  makes  a  derrick  out  of  licr  budy  I 
and  proceeds  with  great  skill  and  precision  to  drill  A  holn  into  I 
the  tree.  When  the  Tremei  bnrrow  is  reached  she  depoMia  I 
an  egg  in  it.  The  larva  that  hatches  from  this  egg  errcps  I 
along  this  biu-row  until  it  reaches  its  victim,  and  then  fast«!nfl  I 
itself  to  the  horntail  larva,  which  it  de.stroys  by  suckinjE  lU  I 
blood.  The  larva  of  Thalessa,  when  full  grown,  rhanffefl  to  I 
a  pupa  within  the  burrow  of  its  host,  ami  the  adult  gnswiJ 
a  hole  out  through  the  bark  if  it  does  not  find  the  hole  already  I 
made  by  the  Trcmex." 

The  beetles  of  the  family  Stylopidje  present  an  interesting  J 
case  of  parasilL-im.  The  adult  males  an'  winged,  but  the  adultl 
females  are  wingless  and  grublike.  Tint  larval  styloptd  st-l 
taches  itself  lo  a  wasp  or  a  bee.  and  lH)n'H  into  its  abdnmeiua 
It  pupates  within  the  abdomen  of  the  wasp  or  liee,  uid  KmI 
there  with  its  head  projecting  slightly  from  a  suture  betw 
two  of  the  body  rings  of  its  host. 
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Almost  all  of  the  mttes  and  ticks,  Aiiimnls  allied  to  the 
spiders,  live  parasitically.     Most  of  them  live  as  external  para- 
sites, siK-kiiif;  the  blood  of  their  host,  but  sonic  live  under- 
neath the  skin  like  the  itch 
miteH  (tig-  222),  which  cause, 
in   man,  the   disease   known 
as  the  itch. 

Among  the  vertebrate  ani- 
mals tliere  are  not  many  ex- 
amples of  true  parasitism. 
The  hagfishes  or  borers 
{Myxine,  etc.)  have  been  al- 
ready mentioned.  These  are 
long  and  cylindrical,  eellike 
creatures,  very  slimy  and 
very  low  in  structure.  The 
mouth  is  without  jaws,  but 
forms  a  sucking  disk,  by 
which  the  hagfiah  attaches 
itself  to  the  body  of  some 
other  fish.  By  means  of  the 
rasping  teeth  on  its  tongue, 
it  makes  a  round  hole 
through  the  skin,  usually  at 
the  throat.  It  then  <l('voHrs 
all  tlie  niusriilar  sulistance 
of  the  fisii,  leaving  the  vis- 
cera untouched,  W'lien  the 
fisli  finally  dies  it  is  a  mere 
hulk  of  jikin,  scales,  Ikiucs, 
and  viscera,  nearly  nil  the 
nuisclr  hi'ing  gone.  Then 
Iho  iiagfisli  slips  out  and  at- 
tacks aiiDlhrr  individual.  7-Aofr«i.  w,ii.  i,«*  «vLi«».itor.  ' 

The  laTiii)rcy,  imotlicr  low 
li>li,  in  simitar  fashion  feeds  leechlike  <m  the  bloixi  of  other 
fishes,  wliicli   it  olitains  hy  lacerating  the  flesh  with  its  rasp- 
like  teelh,  remaining  attacheil   liv  the  round  sucking  disk  of 
its  moulh. 

Certain  liirds.  as  the  cowhird  ami  the  Kiiro)M>an  cuckoo, 
liave  a  ]iar:isiiie  hal>i1.  laying  their  eggs  in  the  nests  of  other 
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=  leaving  their  young  to  be  hatched  and  reared  hy  their 
ng  hosts.     This  is,  however,  not  bodily  giarasit ism,  such 
as    is    men    among     lower 
foniiH. 

We  may  also  note  that 
parasitism  and  consequent 
structural  degeneration  aro 
not  at  ail  confined  to  ani- 
mals. Many  plants  are 
parasitra  and  show  marktil 
drgencrative  characteristics, 
Tlie  dodder  is  a  familiar 
example,  clinging  to  living 
grren  jilants  and   thrusting 

jo._ThB  piswiin   hi™-taLi,  Trrnm    its    liaustorift     Or     rootlikc 

ilia,  wilb  atrcjug  liennng  ovipiwitor.  HUckorS    inio   their    tissUG    tO 

draw  from  them  alroailv 
elaborated  nutritive  sap.  Many  fungi  like  the  rusts  of  cereals, 
the  mildew  of  roses,  etc.,  are  parasitic.  Numerous  plants,  too, 
are  parasites,  not  on  other  plants,  but  on  animals.  Among 
these  are  the  hosts 
of  bacteria  (sim- 
plest of  the  one- 
celled  plants)  that 
Bwarm  in  the  tis- 
sues of  all  animals, 
some  of  which  are 
causal  agents  of 
some  of  the  worst 
of  human  and  ani- 
mal diseases  (as 
typhoid  fever,  diph- 
theria, and  cholera 
in  man,  anthrax  in 
cattle).     There  are 

also       many      more        ^O'  221. — Thale—a  bmalor  borioi.     (After  ""—*—*> 

highly     organized 

fungi  hke  the  whole  family  of  Entotnophthorie,  and  the  genus 
Sporotrickitm  that  live  in  and  on  the  liotlies  of  insects,  often 
killing  I  hem  by  myriads.  One  of  the  great  checks  to  the 
ravages  of  the  corn  and  wheat-infesting  chinch  bug  {Blistua 
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leucopterus)  of  the  Mississippi  Valley  is  a  parasitic  fungiis  (Sporo- 
Irichum  globuliferum).  In  the  autumn,  house  flies  may  often 
be  seen  dead  against  a  windowpane  surrounded  by  a  delicate 
ring  or  halo  of  white.  This  ring  is 
composed  of  spores  of  the  fungus,  £m- 
jntsa  aphidis,  which  has  grown  through 
all  the  tissues  of  the  fly  while  alive, 
finally  resulting  in  its  death.  The 
spores  are  thrown  ofE  from  tiny  fruit- 
ing hypha;  of  the  fungus  which  have 
grown  out  through  the  body  wall  of 
the  insect.  And  they  serve  to  inocu- 
late other  flies  that  may  come  near. 

Just  as  in  animals,  so  in  plants; 
parasitic  kinds,  especially  among  the 
higher  groups  as  the  flowering  plants, 
often  show  marked  degeneration.  Leaves 
may  be  reduced  to  mere  scales,  roots  are  lost,  and  the  water- 
conducting  tissues  greatly  reduced.  This  degeneration  in  plants 
naturally  affects  primarily  those  parts  which  in  the  normal 
plant  are  devoted  to  the  gathering  and  elaboration  of  inor- 
ganic food  materials,  namely,  the  leaves  and  stems  and  roots. 


Tho  (lowers  or  reproductive  organs  usually  retain,  in  parasites, 
all  of  their  hifih  development. 

While  jmrasitism  is  the  principal  cause  of  degeneration  of 
animals,  other  causes  may  Iw  also  concernwl.  Fixed  animals 
or  animals  lending  inactive  or  sedentary  lives,  also  become 
degcnerale,  even  when  no  parasitism  is  concerned.  The  tuni- 
cata  or  wa  «ijuirt.s  (Fig.  '224)  are  animals  whose  simplieity  of 
Htrui'ture  is  due  to  ilcgeneration  from  the  acquisition  of  a 
wdcnljiry  luiliit  of  life. 

Till'  yiiung  iir  larval  tiiiiirato  is  a  free-swimming  active  tad- 
[M>lelike  creature  with  organs  much  like  those  of  the  adult  of 
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the  amplest  Gshes  or  fishlike  fornLs.     That  is,  the  sea  rtqiiirt 
be^ns  Ufe  as  a  primitively  simple  vertebrate.     It  possess^ 
in  its  larval  stage  a  notochord,  the  delicate  structure  which 
precedes  the  formation  of  a  backbone,  ex1*nding  along   tlie 
upper  part  of  the  IhuIv,  ln-tiiw  the  spinal  cord.     It  is  found 
in  all  young  vertebrates,  and  is  characteristic  of  the  branch, 
Tlie   other    organs  of    the 
yonng  tunicate  are  all  of 
vcrtehral    type-      But    the 
young  sea  squirt  passes  a 
period  iif  ut'live  and   free 
life   as   a   little  fish,  after 
which  it  settles  down  and 
attaches  itself  to  a  stone 
or   shell   or    wooden    pm 
by  means  of  suckers,  and 
remains  for  the  rest  of  its 
life  fixed.     Instead  of  go- 
ing on  and  developing  into 
a  fishlikc  crcAture,  il  losee 
its   notochord,   its    special 
Sonne    organs,    and    othor 
organs;   it    loses   its  con>- 
plcxity  and  liigh  or^utha^- 
tion,  and  Iktohk-s  a  "mere 
rooted  bag  with  a  doulile 
neck,"    a    thoroughly    de- 
Fio.  224.— Tiir  fK  Kiuin  or  umicfn.  generate  animul. 

A  Itamatrle  is  another 
example  of  degeneration  throufih  quiescence.  Ttie  barnacles 
r.re  crustaceans  rcliiteil  most  nearly  to  the  crabs  and  shrimps. 
Tlie  young  iMirnacle  jiust  from  the  egg  (Fig,  225.  /)  is  a  eix- 
Icgged,  free-swinmiing  naiiplius,  much  like  a  young  prawn  or 
crab,  with  single  eye.  In  its  next  larval  stage  it  has  six 
p^rs  of  swimming  feet,  two  comixiund  eyes,  ami  two  large 
antennsG  or  feiOers,  ami  still  lives  an  indcjx'ndcnt ,  free-awira- 
ming  life.  When  it  makes  itJ)  final  change  to  the  adult  con- 
dition, it  attaches  iLself  to  some  stone  or  shell,  or  pile  or 
ship's  Ixittoih.  Ifwes  its  com)Miimd  eyes  and  feeli'rs,  develops 
a  protecting  shell,  and  gives  up  all  power  of  locomotion.  Its 
snnmniing  fi-et  U-comc  change<l  into  grasping  organs,  and  it 
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luses  most  of  its  outward  resemblances  to  the  other  members 
of  its  class  (Fig.  225,  e). 

Certain  insects  live  sedentary  or  fixed  lives.  All  the  mem- 
bers of  the  family  of  scale  insects  (Coccide),  in  one  sex  at 
least,  show  degeneration  that  has  been  caused  by  quiescence. 
One  of   these   coccids,  called    the   red   orange  scale,  is  very 


ttlmniianl  in  I'lorida  and  California  and  in  other  orangc-prow- 
inc  ri'nions.  Tiic  male  is  a  iK'niitifiil,  tiny,  two-wingod  miilgo, 
but  llic  fcninlc  is  a  wingless,  footless  little  sac  without  eyes  or 
oihiT  organs  of  spociul  sense,  and  lies  motionless  under  a 
fliit,  tliin,  circuliir,  reddish  scale  com|MMed  of  wax  and  two 
or  llircc  i-just  skins  of  the  ins<>ct  itself.  The  insect  has  a  long, 
sifudiT,  flcxililc,  Hui'king  iM'ak,  which  is  thrust  into  the  leaf  or 
stem  iir  fruit  of  the  orange  on  which  the  "scale  hug"  lives  luid 
Ihrciugli  whifh  the  insect  sucks  I  lie  orange  sup,  which  is  its  only 
ftMid.    It  lays  eggs  or  gives  birtli  tu  young  under  itslxHly,  under 
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tbc  protming  vox  scale,  tad  dk*.  From  th«  eg^  hatch  srthr 
little  lar\-al  t*mie  bugs  mth  ryes  and  feelers  and  six  legs.  Thpy 
craw)  fmm  under  the  wax  scale  and  roua  about  over  the  orange 
tree,  finally,  ihcy  settle  down,  thrust  their  sucking  beak 
into  the  plant  tieeues.  and  east  their  skin.  Tbe  females  lose 
at  this  molt  Ihdr  legs  and  eyes  and  feelers.  Each  becomes  > 
mere  moliotdess  sac  capsMc 
only  of  f^u<>ktng  up  sap  and 
of  laying  eggs.  The  young 
males,  however,  lose  their 
sticking  beak  and  can  no 
longer  take  food,  but  the)* 
gain  a  [lair  of  wings  and  an 
additional  pair  of  eyca.  Iliey 
fly  about  and  fertilise  the 
sacUke  females,  which  thcu 
molt  again  and  secrete  the 
thin  wax  scale  over  the-in. 

Tliroughout  the  animal 
kingdom  loss  uf  the  nerd 
of  movement  is  followed 
by  the  loss  of  the  power 
to  move,  and  of  all  struc- 
tures related  to  it. 

Lass   of   certain   organs 

may   occur    through   other 

causes  than  parasitism  and 

r..,.  ^«.-.n6  m.«  ™e,  ,*qn>™  ««r;         ^  ^j  ijf        Many  insects 

uiiiia  cuarua:  niiJ  tlw  UrlyiurJ  bwiie,     1'^^    but    a   Short     time    in 
RhiiMtit  miiraiit.    {Mtmt  Ihmi.)  thcir  adult  Stage.    May  fliw 

live  for  but  a  few  hour? 
or,  at  most,  a  few  days.  Tliey  do  not  need  to  lake  food  lo 
BUstnin  life  for  bo  short  a  time,  and  so  their  mouth  part.''  huw 
bi'i'ome  rudimentary  and  functionless  or  are  entirely  lost. 
This  i«  true  of  some  mollis  and  rmmerous  other  sjiecially  short- 
lived inwoctH.  Among  the  social  inscds  the  workers  of  the 
termites  aixl  of  the  true  ants  arc  wingltns.  although  they  are 
bomof  winge<l  parents,  and  are  descendant  snf  winged  nncustor?. 
Tlie  uitxlification  of  structure  dt'|X'ndent  u[>mi  the  divi.<uon  of 
lalmr  among  the  individuals  of  the  <'omniiinity  has  taken  tlw 
form,  in  the  com*  of  the  workers,  of  a  degeneration  in  the  loss  of 


PARASITISM  AND  DEGENERATION  367 

the  wings.  Insects  that  live  in  caves  are  mostly  blind;  they 
have  lost  the  eyes,  whose  function  could  not  be  exercised  in  the 
darkness  of  the  cave.  Certain  island-inhabiting  insects  have 
lost  their  wings,  flight  being  attended  with  too  much  danger. 
The  strong  sea  breezes  may  at  any  time  carry  a  flying  insect 
off  the  small  island  to  sea.  Probably  only  those  which  do  not 
fly  much  survive,  and  so  by  natural  selection  wingless  breeds 
or  species  are  produced.  Finally,  we  may  mention  the  great 
modifications  of  structure,  often  resulting  in  the  loss  of  certain 
organs,  which  take  place  to  produce  protective  resemblances 
(see  Chapter  XIX).  In  such  cases  the  body  may  be  modified 
in  color  and  shape  so  as  to  resemble  some  part  of  the  environ- 
ment, and  thus  the  animal  may  be  unperceived  by  its  enemies. 
Many  insects  have  lost  their  wings  through  this  cause. 

When  we  say  that  a  parasitic  or  quiescent  mode  of  life  leads 
to  or  causes  degeneration,  we  have  explained  the  stimulus  or 
the  ultimate  reason  for  the  degenerative  changes,  but  we  have 
not  shown  just  how  parasitism  or  quiescence  actually  produces 
these  changes.  Degeneration  or  the  atrophy  and  disappear- 
ance of  organs  or.  parts  of  a  body  is  often  said  to  be  due  to  dis- 
use. That  is,  the  disuse  of  a  part  is  believed  by  many  natural- 
ists to  be  the  sufficient  cause  for  its  gradual  dwindling  and  final 
loss.  That  disuse  can  so  affect  parts  of  a  body  during  the  life- 
time of  an  individual  is  true.  A  muscle  unused  becomes  soft 
and  flabby  and  small.  Whether  the  effects  of  such  disuse  can 
be  inherited,  however,  is  open  to  serious  doubt.  Such  in- 
heritance must  be  assumed  if  disuse  is  to  account  for  the  gradual 
growing  less  and  final  disappearance  of  an  organ  in  the  course 
of  many  generations.  Some  naturalists  believe  that  the  results 
of  such  disuse  can  be  inherited,  but  as  yet  such  belief  rests  on 
no  certain  knowledge.  If  characters  acquired  during  the  life- 
time of  the  individual  are  subject  to  inheritance,  disuse  alone 
may  explain  degeneration.  If  not,  some  other  immediate 
cause,  or  some  other  cause  along  with  disuse,  must  be  found. 

We  are  accustomed,  |)erhaps,  to  think  of  degeneration  as 
necessarily  implying  a  disadvantage  in  life.  A  degenerate 
animal  is  considered  to  l)e  not  the  equal  of  a  nondegenerate 
animal,  and  this  would  be  true  if  both  kinds  of  animals  had  to 
ivLcv  tiie  same  conditions  of  life.  The  blind,  footless,  simple, 
d(»geii(Tate  animal  could  not  cojh?  with  the  active,  keen-sighted, 
highly  organized  nondegenerate  in  free  comi>etition.     But  free 
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■«titioii  is  exactly  what  the  degenerate  animal  has  nothing 

i  with.     Certainly  the  Baccidino  lives  successfully;  it  is 

adapted  for  its  own  peculiar  kind  of  life.     For  the  life  of  a 

insect,  no  Ijetter  ly]>e  of  structure  could  be  devised.     A 

te  enjoys  certain  obvious  advantages  in  life,  and  even 

ne  degeneration  is  no  drawback,  but  rather  fa^'ors  it  in 

.dvantageousnesB  of  its  sheltered  and  easy  life.     As  long 

w  host  is  successful  in  eluding  its  enemies  and  avoiding; 

nt  and  injury,  the  parasite  is  safe.     It  needs  to  exercise 

ivity  or  vigilance  of  its  own;  its  life  is  easy  as  long  as  lis 

lives.     But  the  disadvantages  of  parasitism  and  degenera- 

■e  apparent  also.     Tlie  fate  of  the  parasite  is  usually 

up  with  the  fate  of  the  host.     When  the  enemy  of  the 

rab  prevails,  the  Sacculina  goes  down  without  a  chance  to 

s  in  its  own  defense.     But   far  more  important  than 

advantage  in  such  particular  or  individual  cases  is  the 

uiawlvantage  of  the  fact  that  the  parasite  cannot  adapt  itself 

in  any  considerable  degree  to  new  conditions.     It  has  become 

so  specialized,  so  greatly  modified  and  changed  to  adapt  itself 

to  the  one  set  of  conditions  under  which  it  now  hves,  it  has 

gone  so  far  in  its  giving  up  of  organs  and  body  parts,  that  if 

present  conditions  should  change  and  new  ones  come  to  exist, 

the  parasite  could  not  adapt  itself  to  them.     The  independent, 

active  animal  with  all  its  organs  and  all  its  functions  intact, 

holds  itself,  one  may  say,  ready  and  able  to  adapt  itself  to  any 

new  conditions  of  life  which  may  gradually  come  into  existence. 

The  parasite  has  risked  everything  for  the  sake  of  a  sure  and 

easy  life  under  the  presently  existing  conditions.     Change  of 

conditions  means  its  extinction. 


CHAPTER  XVIII 

MUTUAL  AID   AND    COMMUNAL    LIFE    AMONG 

ANIMALS 

More  ancient  than  competition  is  combination.  The  little  feeble 
fluttering  folk  of  God,  the  spinning  insects,  the  little  mice  in  the 
meadow,  the  rat  in  the  cellar,  the  crane  in  the  marshes  or  the  booming 
bittern,  all  these  have  learned  that  God's  greatest  word  is  together 
and  not  alone.  He  who  is  striving  to  make  God's  blessing  and  bounty 
possible  to  most  is  stepping  into  line  with  nature.  The  selfish  man  is 
the  isolated  man. — Oscar  Carlton  McCulloch. 

Man  is  not  the  only  social  animal,  nor  the  only  animal 
species  whose  individuals  live  in  mutually  advantageous  rela- 
tions with  each  other,  and  in  mutually  advantageous  relations 
with  individuals  of  other  animal  kinds.  Just  as  man  lives 
communally  and  mutually  helpfully  with  other  men,  so  do  the 
members  of  a  great  honeybee  or  ant  community  live  together: 
and  as  we  find  various  other  animals  as  dogs,  horses,  and  doves 
living  under  the  care  and  protection  of  man  and  returning  to 
him  a  measure  of  service  in  work,  companionship,  or  other 
helpfulness  for  his  care  and  feeding,  so  do  we  know  of  hundreds 
of  kinds  of  other  insects  that  live  commcnsally  with  ant^s,  each 
party  to  this  commensal  or  syml)i()tic  life  gaining  something 
from  and  giving  something  to  the  other  party  of  this  arrange- 
ment. Indeed,  the  communal  life  of  such  insects  as  the  social 
bees,  wasps,  and  ants  is  develoi>ed  along  true  communistic 
lines  far  more  specializ(Hl  tlian  the  communism  shown  by  man. 

Just  as  studf^iits  of  Iniman  society  can  trace  a  series  of  steps 
from  a  very  primitive  living  togetlier  or  communal  life  among 
men  to  the  present  highly  specialized  condition,  so  among  vari- 
ous animals  wo  can  find  a  long  series  of  gradatory  conditions  of 
social  life  from  mere  gregariousness  like  that  of  a  band  of  wolves 
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or  a  herd  of  bison,  to  the  estremt-ly  sppcialized,  in terdo pendent 
and  unified  i^omniunity  of  the  honeybee,  or  agrieiiltHral  imt. 
Before  taking  up  this  aeries  of  stages  in  true  social  or  communal 
development  among  the  lower  animals,  however,  wc  may  profit* 
ably  give  sonic  attention  to  the  conditions  of  animal  association 
commonly  known  as  commensalism  or  symbiosis  in  which  in- 
dividuals of  one  species  are  associated  to  their  mutual  advan- 
tage with  individuals  of  different  species. 

In  the  relations  of  paraaite  and  host,  discusseil  in  the  last 
chapter,  all  the  advantages  of  the  association  Ue  with  the  par»- 
site.  The  other  animal  involved,  the  host,  suffers  inctrnveni- 
encc,  injury,  often  untimely  death.  But  in  commensaUsm  and 
symbiosis  both  associating  kinds  of  animals  reap  advantage,  or 


by  which  ihe  fiih  klUrhu  il«ll  to  i  shBrk. 

at  least  neither  suffers  in  any  serious  way  from  the  effects  of 
the  other's  presence.  Tiie  two  kinds  live  together  in  harmony 
and  usually  to  their  actual  mutual  advantage.  The  lerot 
commensalism  may  be  applied  to  denote  a  condition  of  looe« 
and  often  not  obviously  equally  mutual  advantageous  i 
ciation,  while  symbiosis  is  used  to  refer  to  a  more  intimate  and 
persistent  association  with  mayljc  marked  cooperation  and 
mutual  advantage.  A  few  examples  of  each  are  given  in  tlut 
following  pages.  Of  course,  no  marked  line  of  deniareation' 
can  be  really  drawn  between  the  two  condition.'*,  any  more 
than  we  can  establish  a  sharp  distinction  between  Ihe  predar' 
tory  and  parasitic  modes  of  Ufe. 

A  curious  example  of  commensalism  is  afforded  by  ihe 
different  species  of  Remoras  (Kchenididte)  which  attach  them* 
selves  to  sharks,  barracudas,  and  other  large  fishes  by  mi 
of  a  sucking  diak  on  the  top  of  the  hea<l  (Fig.  227).  fliia  disk 
is  made  by  a  modification  of  the  dorsal  tin.  The  Remora  thus 
attached  to  a  shark  may  Ijc  carried  about  for  weeka,  leaving 
its  host  only  to  secure  food.     Thk  is  done  by  a  euddcn  dash. 
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through  the  water.  The  Remora  injures  the  shark  in  no  way 
save,  perhaps,  by  the  slight  check  its  presence  gives  to  the 
shark's  speed  in  swimming. 

In  the  mouth  of  the  menhaden  {Brevoortia  iyrannus)  a  small 
crustacean  (CijmothcjB  prcegustator)  is  almost  always  present, 
always  resting  in  the  front  of  the  lower  jaw.  This  arrange- 
ment is  of  advantage  to  the  crustacean,  but  is  a  matter  of  in- 
difference to  the  fish.  Latrobe,  who  first  described  this  fish, 
compares  the  crustacean  to  the  prsegustator  or  foretaster  of 
the  Roman  tyrants — a  slave  used  in  prevention  of  ix)isoning. 

Whales,  similarlv,  often  carry  barnacles  about  with  them. 
These  barnacles  are  permanently  attached  to  the  skin  of  the 
whale  just  as  they  would  be  to  a  stone  or  wooden  pile.  Many 
small  crustaceans,  annelids,  mollusks,  and  other  invertebrates 
burrow  into  the  substance  of  living  sponges,  not  for  the  purpose 
of  feeding  on  them,  but  for  shelter.  On  the  other  hand,  the 
little  boring  sponge  (Cliona)  burrows  in  the  shells  of  oysters 
and  other  bivalves  for  protection.  These  are  hardly  true  cases 
of  even  that  lesser  degree  of  mutually  advantageous  associa- 
tion which  we  are  calling  commensalism.  But  some  sp>ccies  of 
sponge  "are  never  found  growing  except  on  the  backs  or  legs 
of  certain  crabs."  In  these  cases  the  sponge,  with  its  many 
plant  like  branches,  protects  the  crab  by  concealing  it  from 
its  enemies,  while  the  siK)nge  is  benefited  by  being  carried  about 
by  the  crab  to  new  food  supplies.  Certain  sponges  and  polyps 
are  always  found  growing  in  close  association,  though  what  the 
nuitual  advantage  of  this  association  is  has  not  yet  been  found 
out. 

Among  the  coral  reefs  in  the  South  Seas  there  lives  an 
enormous  kind  of  sea  anemone  or  polyp.  Individuals  of  this 
great  polyp  measure  two  feet  across  the  disk  when  fully  ex- 
panded. In  the  interior,  the  stomach  cavity,  which  com- 
municates freely  with  the  outside  by  means  of  the  large  mouth 
opening  at  the  free  end  of  the  polyp,  there  may  often  be  found 
a  small  fish  (Arnphijrnon  percula).  That  this  fish  is  purposely 
in  the  gastral  cavity  of  the  polyp  is  proved  by  the  fact  that 
when  it  is  dislodged  it  invariably  returns  to  its  singular  lodging 
place.  The  fish  is  brightly  colored,  being  of  a  brilliant  vermilion 
hue  with  three  broad  white  cross  bands.  The  discoverer  of 
this  ])oculiar  habit  suggests  that  there  are  mutual  benefits  to 
fish  and  iK)lyp  from  this  habit.     "The  fish  being  conspicuous, 
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is  lijiblc  to  attacks,  wliich  it  osrapes  by  a  raitid  retreat  into  the 
sea  anernoMp;  its  enemiea  in  hut  pursuit  Itluniler  against  Ihi 
imtsprcinl  teiitiicies  of  the  anemone  and  are  at  once  narrotixed 
by  ilic  'tlircail  cc-lls '  shot  out  in_  innumerable  showers  froin 
the  tentacles,  and  afterwards 
drawn  into  the  stomach  of  tlia 
anemone  and  digested." 

Small  fish  of  tlie  genus  Nnmrtti 
may  often  be  found  aecompany- 
ing  the  beautiful  I'ortiigijc^ 
man-of-war  (PAysa/ta)  as  it  sails 
slowly  about  on  the  ocean's 
face  (Fig.  228).  These  little  fish 
lurk  underneath  the  float  and 
among  the  various  hanging 
threadlike  parts  of  the  Phymlia, 
which  are  provided  with  sting- 
iiit;  ccll-^.  The  fish  are  protected 
froni  their  enemies  by  their  prox-. 
iniity  to  these  stinging  threads. 
Similarly,  several  kinds  of  me- 
liusie  are  known  to  harbor  or  Iff 
be  accompanied  by  the  yoimj 
or  small  adult  fishes  {Caranxy 
Psenes) . 

In  the  nests  of  the 
species  of  ants  and  tcrnutn 
many  different  kinds  of  other, 
insects  have  been  found.  Some 
of  these  are  harmful  to  thetrl 
hostH,  in  that  they  feed  on  thl 
food  stores  gathered  by  the  in- 
dustrious and  provident  ant, 
others  ap[)ear  to  feed  only 
refuse  or  useless  sulistances  in 
the  nest.  Some  appear  to  be  of  help  to  their  hosts  by  e 
ing  the  nests  and  by  secreting  certain  fluids  much  liked  by 
ihe  ants.  Over  one  thousand  species  of  these  myrmecophiloui 
(ant-loving)  and  termitophilous  (termite-loving)  Insects  bftVli 
been  recorded  by  collectors  as  living  habitually  in  the  nests  o 
ants  anil  termites.     Many  of  them   (they  are   mostly   smalt 
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beetles  and  flies)  have  lost  their  wings  and  have  had  their 
bodies  otherwise  considerably  modifled,  usually  in  such  wise 
that  tliey  come  greatly  to  resemble  in  external  appearance 
the  ants  with  which  they  live.  The  owls  and  rattlesnakes 
which  live  with  the  prairie  dogs  in  their  villages  afford  another 
famihar  example  of  commensalism. 

Of  a  more  intimate  character,  and  of  more  obvious  and 
certain  mutual  advantage,  is  the  well-known  case  of  the  sym- 
biotic association  of  some  of  the  numerous  species  of  hermit 
crabs  and  certain  species  of  sea  anemones.  The  hermit  crab 
always  takes  for 
its  habitation  the 
shell  of  another 
animal,  often  that 
of  the  common 
whelk.  All  of  the 
hind  part  of  the 
crab  lies  inside 
the  shell,  while  its 
head  with  its  great 
claws  project  from 
the  opening  of  the 
shell.  On  the  sur- 
face of  the  shell 
near  the  opening 
there    is   often   to 

1m?  found  a  sea  anemone,  or  sea  rose  (Fig.  229).  This  sea 
anonione  is  fastened  securely  to  the  shell,  and  has  its  mouth 
o|x>ninK  and  tentacles  near  the  head  of  the  crab.  The  sea 
anemone  is  carried  from  place  to  place  by  the  hermit  crab, 
and  in  this  way  is  much  aided  in  obtaining  food.  On  the 
other  hand,  the  crab  is  protected  from  its  enemies  by  the 
well-armed  and  dangerous  tentacles  of  the  sea  anemone.  In 
the  timtaclcs  there  arc  many  thousand  long,  slender  stinging 
threads,  and  the  fish  or  octopus  that  would  obtain  the  her- 
mit crab  for  food  must  first  deal  with  the  stinging  anemone. 
There  is  no  doubt  here  of  the  mutual  advantage  gained  by 
these  two  widely  different  but  intimately  associated  com- 
panions. If  the  sea  anemone  be  torn  away  from  the  shell 
inhal)ii(Kl  by  one  of  these  crabs,  the  crab  will  wander  about, 
carefully  seeking  for  another  anemone.     When  it  finds  it,  it 


.  229.— Hermit  onb  within  a  *lwU  < 
oolooy  of  Podocoryru  tarr^ta.     Thii 

'  BBveral  liiffsrent  kindi  of  polyp  in 
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Rtriiggles  to  looBcn  it  from  its  rock  or  from  whatever  il  ni 
be  growing  on,  and  docs  not  riisl  until  it  lias  torn  it  looee  a 
placed  it  on  its  shell. 

There  are   numerous  small   crabs  called   pea  crabs    (fin 
nolheres)  which  live  habitually  inside  the  shells  of  living  mussds.  1 
The  mussels  and  the  craba  live  together  in  apparent  harmony  J 
and  to  their  mutual  benefit. 

The   relations   between   anta   and   aphids   (plant  lice)    arc 
often  referred  to  in  |)op»lar  natural  histories  and  books  atwut  , 


insccta  as  examples  of  aymbiosis  of  unusual  Interest.  I'n-  J 
fortunately,  however,  not  enough  careful  study  has  been  given  J 
to  many  of  these  apparently  true  examples  of  symbiosis  to  I 
enable  us  to  be  certain  of  the  truth  of  the  alleged  caro  and  ( 
guarding  of  the  ant-rows,  as  Linn^us  railed  these  aphids,  by  i 
their  milkers,  the  ants.  That  ants  do  swarm  about  the  aphids  I 
to  lap  up  the  "honey  dew"  excreted  by  them  is  wholly  true, 
and  the  very  presence  of  the  sharp-jawed  and  pugnacious  I 
ants  must  keep  away  many  enemies  of  the  defensoleaa  plant  I 
lice,  toothsome  morsels  for  the  ladybird  beetles,  flower-fly  I 
larva;  and  other  predatory  insects. 

In  the  case  of  the  interesting  relations  between  the  corn  | 

root  Aphid,  Aphis  maidisradiri,  of  the  Mississippi  Valley  St«t«a  I 

k ftnd    tiie    little    brown    ant,    Lasim    bTunnem,    however,   we  | 
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have  the  careful  observations  of  Professor  Forbes  to  rely  on. 
In  the  Mississippi  Valley,  this  aphid  deposits  in  autumn  its 
eggs  in  the  ground  in  corn  fields,  often  in  the  galleries  of  the 
little  brown  ant.  The  following  spring  before  the  corn  is 
planted,  these  eggs  hatch.  Now,  the  little  brown  ant  is  es- 
pecially fond  of  the  honey  dew  secreted  by  the  corn  root  lice. 
So  when  the  latter  hatch  in  the  spring,  before  there  are  corn 
roots  for  them  to  feed  on,  the  ants  carefully  place  them  on 
the  roots  of  certain  kinds  of  grass  and  knotweed  {Setaria, 
Polygonum) ,  and  there  protect  them  until  the  corn  germinates. 
They  are  then  removed  to  the  roots  of  the  corn.  It  is  prob- 
able that  the  ants  even  collect  the  eggs  of  the  aphids  in  the 
autumn  and  carry  them  into  their  nests  for  protection  and  care. 

The  studies  of  Wheeler  and  others  have  revealed  some 
interesting  cases  of  the  living  together  of  different  species  of 
ants.  In  some  cases  one  of  the  ant  species  may  be  living  almost 
wholly  at  the  expense  of  the  other  species,  as  does  the  little 
yellow  thief-ant,  Solenopsis  molesta.  Although  this  ant  some- 
times lives  in  independent  nests,  more  often  it  is  to  be  found 
living  in  association  with  some  large  ant  species — it  consorts 
with  many  different  hosts — feeding  almost  exclusively  on  the 
live  larvic  and  pupje  of  the  host.  The  thief-ant  is  so  small 
and  obscurely  colored  that  it  seems  to  live  in  the  nests  of  its 
host  practically  uni)crceived.  The  Solenopsis  nest  may  be 
found  by  the  side  of  the  host  nest,  around  it,  or  partly  in  it, 
the  tiny  Solenopsis  galleries  ramifying  through  the  nest  mass 
of  the  liost,  and  often  ojwning  boldly  into  these  large  galleries. 
Through  tlieir  narrower  passages,  too  narrow  to  be  traversed 
by  th(*  hosts,  the  tiny  thief-ants  thread  their  way  through  the 
host  n(*st  in  their  burglarious  excursions  (Fig.  245). 

Hut  there  arc  numerous  cases  of  a  less  one-sided  advantage 
in  the  associatioix  of  different  species.  As  an  example  the 
coiKiitioiis  exhibited  by  tlie  red-brown  ant,  Mi/rrnira  brevi- 
mnies  and  th<»  smaller  Lrptothorax  emersoni  (conditions  made 
known  by  Wiieeh'r's  careful  observations)  may  be  briefly 
described  (Fi^.  24()).  The  little  Lcptothorax  ants  live  in  the 
Mf/rnn'ra  nests,  building  one*  or  nion*  chninliers  with  entrances 
from  the  Mf/rmini  galleries,  so  narrow  that  the  large  Mi/rmi- 
COS  cannot  get  through  them.  When  needing  food  the  Lcfyto- 
thoriix  workers  come  into  the  Myrmivn  galleries  and  chaml)ers 
and,  climbing  on  the  backs  of  the  Myrmica  workers,  proceed 
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face  and  the  back  of  tlic  hcsid  of  each 
,..ui  cnus  treated,  says  Wheeler, 

ed,  as  if  spellbound  by  this  shampooing  and  occasionally  folded 

i^rinip  as  if  in  sensuous  enjoyment.     The  I^plothornx  after  licking 

■mica's  pate,  mo\ed  ita  head  round  lo  the  side  and  began  tti 

lie  cheeks,  nuandibles,  and  labiuni  of  the  Myrmica.     Such  ardent 

ation  was  not  bestowed  in  vain,  for  a  minute  drop  of  liquid — 

intly  some  of  the  recently  imbibed  sugar-water — appeared  on  the 

■^tcn's  lower  lip  and  was  promptly  lapped  up  by  the  I.ep(othorai. 

latter  then  dismounted,  ran  to  another  Myrmica,  climbed  on  its 

and  rcjwated  the  very  same  [jerformance.     Again  it  took  toll 

"Massed  on  to  still  another  Mi/rmira.     On  looking  about  in  the  nest 

srved  that  nearly  all  the  Ltplothoraz  workers  were  ^oularly 

ycd." 

jeler  believes  that  the  Leptothorax  get  food  only  in  this  way, 
Tney  feed  their  queen  and  larvre  by  regiirgitation.  The 
Myrmicas  seem  not  to  resent  at  all  the  presence  of  their  Lepto- 
thorax  guests,  and  indeed  may  derive  some  benefit  from  the 
constant  cleansing  licking  of  their  bodies  by  the  shampooers. 
But  the  Leptothorax  workers  are  careful  to  keep  their  queen 
and  young  in  a  separate  chamber,  not  accessible  to  their  hosts. 
This  is  probably  the  part  of  wisdom,  as  the  thoughtless  habit  of 
eating  any  conveniently  accessible  pupa;  of  another  species  is 
widespread  among  ants. 

There  are  numerous  interesting  cases  of  symbiosis  in  which 
not  different  kinds  of  animals  are  concerned,  but  animals  and 
plants.  It  has  long  been  known  that  some  sea  anemones 
possess  certain  body  cells  which  contain  chlorophyll,  that  green 
substance  characteristic  of  the  green  plants,  and  only  in  few 
cases  possessed  by  animals.  When  these  chlorophyll-bearing 
sea  anemones  were  first  found,  it  was  believed  that  the  chloro- 
phyll cells  really  belonged  to  the  animal's  body,  and  that  this 
condition  broke  down  one  of  the  chiefest  and  most  readily 
apparent  distinctions  between  animals  and  plants.  But  it 
is  now  knttwn  that  these  chlorophyll-bearing  cells  are  micro- 
scopic, one-celled  plants,  green  alga',  wliich  live  habitually 
in  the  Itodies  of  the  sea  anemone.  It  is  a  case  of  true  aymbioaisr 
The  alga?,  or  plants,  use  as  food  the  carlwn  dioxide  which  is 
given  off  in  the  respiratory  processes  of  the  sea  anemone,  and 
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the  sea  anemone  breathes  in  the  oxygen  given  off  by  the  algie 
in  the  process  of  extracting  the  carbon  for  food  from  the  car- 
bon dioxide.  These  algte,  or  one-celled  plants,  lie  regularly 
only  in  the  innermost  of  the  three  cell  layers  which  compose 
the  wall  or  body  of  the  sea  anemone  (Fig.  231),  They  penetrate 
into  and  lie  in  the  interior  of  the  cells  of  this  layer,  whose  special 
function  is  that  of  digestion.  They  give  this  innermost  layer 
of  celU  a  distinct  green  color.  Even  certain  amcebalike 
protozoans  have  been  found  to  contain  individuals  of  a  one- 
celled  alga,  Chlorella, 
in  their  single-celled 
bodies,  the  tiny  ani- 
mal and  smaller  plants 
living  together  truly 
symbiotically. 

Among  the  higher 
plants  and  animals, 
cases  of  symbiosis  are 
not  rare.  There  lives 
in  the  live-oak  trees 
in  the  vicinity  of  Stan- 
ford University  a  cer- 
tain scale  insect,  Cero- 
cocnis  ehrhomi,  which 
differs  from  the  other 
two  or  three  species  of 
its  genus  in  not  having  its  body  covered  by  a  heavy,  thick, 
protecting  layer  of  secreted  wax.  But  it  gets  the  needed 
protection  in  another  way.  It  is  always  covered  by  a  thick 
fcltlikc  fungus  growth,  which  has  been  found  by  investiga- 
tion lo  germinate  its  spores  and  to  find  a  constant  food 
siip]>ly  in  tlie  "honoy  dew"  excreted  by  the  scale  insects. 
Tliis  feltlike  covering  of  fungus,  never  found  to  be  lacking 
in  the  scale  insect,  serves  apparently  as  a  sufficient  sub- 
slilnte  fur  the  heavy  waxen  mass  common  to  the  related 
spec  it's. 

Tlie  ants  show  particularly  well  instances  of  interesting 
■symbiotic  life  with  plants.  Fig.  232,  drawn  from  a  sjiecimen 
sent  to  UH  from  the  Philippine  Islands  by  the  botanist  Cope- 
land,  shows  some  details  of  one  such  instance.  The  DU- 
chidiaa  are   milkweeds  of  the   extreme  Orient.     They  twine 
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Upon  trees  by  means  of  their  flexible  stems  and  branches  antJ 
are  especially  noted  for  possessing  appendages  in  the  form  of 
pitchers.  These  pitcherlike  a|i|>enilages  are  modified  leaves: 
the  normal  Diackiditt  leaf  is  orbicular,  thick,  and  fleshy.  Each 
pitcher  is  the  blade  of  a  leaf  folded  so  that  the  lower  surface 
forms  the  iiuit-r  siirfiirc  of  llie  jiitcher.     Into  these  pitchers 


Iidiuidii.) 

grow  adventitious  roots  that  spring  from  the  leaf  peduncle. 
Also  in  these  pitchers  live  colonies  of  ants.  As  rent  for  furnish- 
ing these  comfortable  cozy  little  aut  homes,  the  Dischidia  gets, 
by  means  of  the  adventitious  roots  in  the  pitcher,  food  fron» 
the  excreta  and  cadavers  of  the  ants.  Hundreds  of  anl8  with 
larvti>  and  pu|>ir  can  be  found  in  these  Dischidm  leaves,  and 
without  dotibt  we  have  herv  a  tnuttmlly  udvantageous  ayni- 
biotic  adaptation. 

r'rom  Wriamann's  chapter  on  Symbiosis  in  his  "Vortrage 
iiber  DcBcendotucttieorie,"  Vol.  1,  1902,  we  translate  the  follow- 
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ing  account  of  the  symbiosb  of  the  Aztec  anta  and  the  imbauba 
tree: 

"In  the  forests  of  South  America  grow  the  imbauba  or  eo-called 
candelabra  trees,  species  of  the  genua  Ceeropia,  which  well  deserve 
their  name,  'candelabra,'  from  the  curious  appearance  given  them 
by  the  outspringing  bare  branches,  each  bearing  a.  tuft  of  leaves  at  the 
free  end.  These  leaves  are  often  attacked  by  the  leaf-cutting  anta  of 
the  genus  (Ecodoma,  which  roam  by 
tens  of  thousands  over  the  various 
pbnts  of  the  forest  biting  off  the 
leaves,  that  they  may  tall  to  the  ground, 
where  they  are  again  seized,  bitten  into 
|)iecc3  and  the  pieces  carried  into  the 
nests  of  the  ants.  In  the  neata  they 
serve  as  a  medium  on  which  grow  ecr. 
tain  molds  or  fungi,  much  liked  by  the 
anta.  The  candelabra  tree  protects  it- 
self from  these  le^f-robbiiig  enemies  by 
an  aaaociation  with  another  ant  s])ecie8, 
Aaeea  imdnbiliit,  which  finda  safe  dwel- 
ling places  in  the  hollow  trunk  of  the 
tn-e  and  a  s|>e<'ial  supply  of  food  in  a 
brownish  Huid  secreted  by  it.  Along 
llic  tree  trunk  occur  in  regular  order 
little  pita  through  which  the  female 
Attceii  can  easily  bore  irito  the  interior, 
where  she  lays  her  eggs  and  catabhahes 
colnnica,  so  that  aiHin  the  interior  of 
the    wliolc    trunk    swarms    with    ants 

which  rush  out  whenever  I  he  tree  is  shaken.  Rut  this  alone  would  not 
scrw  to  proli'i't  IIh'  iniliauha  fn)m  the  leaf  cullers,  for  how  could  the 
Aztecs  dwelling  inside  Ihc  tn>e  know  of  the  presence  of  the  light-footed 
Icaf-iulliTs  without?  Hut  this  is  arrangr<l  for  by  Ihe  development  on 
the  iiulsiili'  of  I  tic  Ini',  at  I  tie  very  [Hiints  where  the  danger  is  greatest, 
namely,  on  the  ijclioles  of  Ihe  younger  leaves,  of  )>eculiar  little  hairy 
liniwths  from  whiih  pri)jeei  .small  while  griiinM  which  are  very  nutri- 
ticiuH;ind  luil  unlyi-iicerly  eslcn  liy  iinis,  liul  g:irTicn-ci  liy  lhcn>  In  carry 

i th-'ii-  iiesi-.,  i.rcstjniiil.ly  ;,-<  f.»Kl  fi.r  their  larv.T.     Thus  right  wliere 

protei-tion  is  to'isl  nivdi-d  the  plant  has  develo|>cil  a  s|M'cial  organ 
atlrmtive  to  the  liereu  \Mw  anls,  so  tluit  their  i-unstaut  presence  at 
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a  is  an  efCet'livo  protertioii  agaiiisl.  llie  encroachments  of 
[-cuit«rs,  as  courage  and  capcrtiesa  to  fight  other  ants  is  already 
eristic  of  the  Aatccs.  Not  all  candelabra  trees  live  in  sjinbiosia 
s  or  possess  this  s])ecisJ  protection  against  the  rav^es  of  tlie 
nicr  species.  Schimper  found  in  the  forests  of  Brazil  se^-eral 
I  of  Cecropia  which  never  sheher  anW  in  the  chambers  of  the 
trunk.  Now  the-se  sjjecies  dn  not  develop  the  curious  special 
■oducing  organs  at  the  bases  of  the  leaf  petioles.  These  species 
ijC  means  of  attracting  and  retaining  the  ant  guests.  Only  out.' 
t  of  candelabra  tree,  Cecropia  prllnla,  has  developed  this  arrangi- 
■  and  it  is  plainly  of  no  direct  use  for  the  tree  except  through  tho 
g  to  it  of  the  protecting  ants." 

re  are,  of  course,  numcrou-s  other  examples  known  of  the 
utic  association  of  placts  and  animals;  and  if  we  were  to 
the  study  of  symbiosis  into  the  plant  kingdom  we  should 

.  that  in  one  of  the  large  groups  of  plants,  the  familiar 
Uctiena  which  grow  on  rocks  and  tree  trunka  and  old  fences, 
every  member  lives  symbiotically.  A  lichen  is  not  a  single 
plant,  but  is  always  composetl  of  two  plants,  an  alga  (chloro- 
phyll-bearing) and  a  fungus  (without  chlorophyll)  living 
together  in  a  most  intimate,  mutually  advantageous  associa- 
tion. But  we  must  devote  no  more  space  to  the  consideration 
of  this  fascinating  subject. 

The  simplest  form  of  social  life,  or  the  living  together  of 
several  to  many  individuals  of  the  same  species,  is  shown  among 
those  kinds  of  animals  in  which  many  individuals  of  one  species 
keep  together,  forming  a  great  band  or  herd.  In  this  case  there 
is  not  much  division  of  labor,  and  the  safety  of  the  individual 
is  not  wholly  bound  up  in  the  fate  of  the  herd.  Such  animals 
are  said  to  be  gregarious  in  habit.  The  habit  undoubtedly  is 
advantageous  in  the  mutual  protection  and  aid  afforded  the 
individuals  of  the  band.  This  mutual  help  in  the  case  of 
many  gregarious  animals  is  of  a  very  positive  and  obvious 
character.  In  other  cases  this  gregariousnesa  is  reduced  to 
a  matter  of  slight  or  tfm|H)rary  conv('iiienrp,  possessing  but 
little  of  (he  element  of  mntunl  iiid.  Tlio  great  herds  of  rein- 
deer in  the  north,  and  of  the  biMon  or  buffalo  which  once  ranged 
over  the  Western  Anu'ricitn  plains,  an*  cxiimplea  of  a  gregari- 
ousness  in  which  mutual  protoclioii  from  enemies,  like  wolves, 
seems  to  be  the  principal  advantage  gained.     The  bands  of 
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wolves  which  hunted  the  buffalo  show  the  advantage  of  mutual 
help  in  aggression  as  well  as  in  protection.  In  this  banding 
together  of  wolves  there  is  active  cooperation  among  individuals 
to  obtain  a  common  food  supply.  What  one  wolf  cannot  do — 
that  is,  tear  down  a  buffalo  from  the  edge  of  the  herd — ^a  dozen 
can  do,  and  all  are  gainers  by  the  operation. 

On  the  other  hand,  the  vast  assembling  of  sea  birds 
on  certain  ocean  islands  and  rocks  is  a  condition  probably 
brought  about  rather  by  the  special  suitableness  of  a  few  places 
for  safe  breeding  than  from  any  special  mutual  aid  afforded; 
still,  these  sea  birds  undoubtedly  combine  to  drive  off  attack- 
ing eagles  and  hawks.  Eagles  are  usually  considered  to  be 
strictly  solitary  in  habit  (the  unit  of  solitariness  being  a  pair, 
not  an  individual) ;  but  the  description,  by  a  Russian  naturalist, 
of  the  hunting  habits  of  the  great  white-tailed  eagle  {Hali- 
aetos  albicilla)  on  the  Russian  steppes  shows  that  this  kind  of 
eagle  at  least  has  adopted  a  gregarious  habit,  in  which  mutual 
help  is  plainly  obvious.  This  naturalist  once  saw  an  eagle 
high  in  the  air,  circling  slowly  and  widely  in  perfect  silence. 
Suddenly  the  eagle  screamed  loudly.  "Its  cry  was  soon  an- 
swered by  another  eagle,  which  approached  it,  and  was  followed 
by  a  third,  a  fourth,  and  so  on,  till  nine  or  ten  eagles  came  to- 
gether and  soon  disappeared/'  The  naturalist,  following  them, 
soon  discovered  them  gathered  about  the  dead  body  of  a  horse. 
The  food  found  by  the  first  was  being  shared  by  all.  The 
association  of  pelicans  in  fishing  is  a  good  example  of  the  ad- 
vantage of  a  gregarious  and  mutually  helpful  habit.  The 
])elieans  sometimes  go  fishing  in  great  bands,  and,  after  having 
chosen  an  ap])ropriatc  place  near  the  shore,  they  form  a  wide 
half-cirrle  facing  the  shore,  and  narrow  it  by  paddhng  toward 
the  land,  catching  the  fish  wliich  they  inclose  in  the  ever- 
narrowing  circle. 

The  wary  Rocky  Mountain  sheep  (Fig.  234)  live  together 
in  small  hands,  posting  sentinels  whenever  they  are  feeding  or 
resting,  who  watch  for  and  give  warning  of  the  approach  of 
enemies.  Tlu»  heavers  furnish  a  well-known  and  verv  interest- 
ing  (example  of  mutual  help,  and  they  exhibit  a  truly  com- 
nmnal  life,  although  a  simple  one.  They  live  in  "villages" 
or  coiiiminiities.  nil  lu*lping  to  huild  the  dam  across  the  stream, 
which  is  iKMcssai  V  to  form  tlu»  broad  marsh  or  pool  in  which  the 
nests  or  houses  are  huilt.     Praiiie  dogs  hve  in  great  villages 
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or  communities  which  spread  over  many  acres.  They  tell 
each  other  by  shrill  cries  of  the  approach  of  enemies,  and  they 
seem  to  visit  each  other  and  to  enjoy  each  other's  society  a 
great  deal,  although  that  they  afford  each  other  much  actual 
active  help  is  not  apparent.  Birds  in  migration  are  grega- 
rious, although  at  other  times  they  may  live  comparatively 
alone.  In  their  long  flights  they  keep  together,  often  with 
definite  leaders  ivho  seem  to  discover  and  decide  on  the  course 


(if  flight  for  the  whole  great  flock. 
'  The  wedge-shaped  flocks  of  wild 
geese  flying  high  and  uttering  their 
nhiir]),  metallic  cjill  in  their  south- 
ward iiiicriitiiins  are  wc-U  known  in  many  parts  of  the  United 
Sliitts.  Indccil,  llie  more  one  studies  the  habits  of  animals 
the  iimie  cxiiniples  of  social  life  and  mutual  help  will  be  found. 
I'niliutily  most  animals  are  in  some  degree  gregarious  in  habit, 
and  ill  ;ill  cases  of  gregarious iiess  there  is  probably  some  de- 
gree of  null  mil  iiid. 

kv\  interesting  series  of  gradations  from  a  strictly  solitary 
througli  ;i  gregarious  to  an  elaborately  specialized  coomiunal 
life  iri  shiiwn  liy  the  bees.  Although  the  bumblebee  and  the 
lioiii'vlirf  are  so  muih  more  familiar  to  us  than  other  bee  kinds 
tiiiLl  the  loiiuiiunal  Ufe  exemplified  by  them  may  have  come 
to  sccTii  iJLi'  iisuiLl  kimi  of  lH>e  hfe,  yet,  as  a  matter  of  fact,  there 
arc  tniiiiy  iniirc  solitary  Ixk-s  than  social  ones.  The  general 
I'iiarac'irr  iif  thi'  liomcstic  economy  of  the  solitary  bees  is  well 
sluiwn  by  tlie  interesting  little  green  carpenter  bee,  Ceratina 
dn\in.  1-Jich  female  of  this  species  bores  out  the  pith  from 
fi\c  or  six  inches  of  an  elder  branch  or  raspberry  cano,  and 
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divides  this  space  into  a  few  fdls  by  means  <rf 
tr»nHVCT»r  ponitions  (Fif^.  236).  In  each  ceil 
Mttft  laya  an  ef^je,  and  puts  vrith  it  enougti  food 
— flower  pollen — to  la^  the  grub  or  Iar\-a 
tiirough  its  life.  8he  then  waits  in  an  upper 
cell  of  the  nest  until  the  young  bees  tseue 
from  their  cells,  when  she  leads  thfMn  off.  and 
••a«;h  begins  active  life  on  its  own  account. 
The  mining  bees  Andrena,  which  make  little 
Ittirrows  (Fig.  237)  in  a  clay  bank,  U\'e  in  large 
i-olonies — that  is,  they  make  their  neat  bur- 
ron'H  clo«e  together  in  the  same  clay  bank,  but 
each  female  maki?a  her  own  burrow,  lays  l»cr 
own  eggs  in  it,  furnishes  it  with  food — a  kind 
of  paste  of  nectar  and  pollen — and  takes  no 
further  care  of  her  young.  Nor  has  she  at  any 
;  any  special  in- 


"» 


t  crest    in    her    neigh- 
lif.rs.     But   with    (he 
ainaller  inining   bees, 
''';!f  "r^-r-n^r      '"'leneing     to    the 
ixw,  Vrrai.iia       genus  Wu/iWtia.several 
^"t^-  females  unite  in  mak- 

ing a  common  burrow,  after  which 
Oftch  female  makes  side  passages  of 
her  own,  extending  from  the  main  or 
public  entrance  burrow.  As  a  well- 
known  entomologist  has  said,  Andrena 
builds  villages  composed  of  individual 
homes,  while  HaHclun  makes  cities 
composed  of  apartment  houses.  Tlie 
bumblctree  (Fig.  2;i8),  however,  es- 
tablishca  a  n'al  community  with  a 
truly  communal  life,  although  a  very 
simple  one.  Tiic  few  liiuiiblelM>cs 
which  wo  see  in  winter  time  arc 
queens;  all  other  bumblcl>ees  die  in 
the  autumn.  In  the  spring  a  cjuecn 
Bclfcis  some  (li'MTled  nosl  of  a  fii '  " 
mouse,  or  r,  hob  in  the  ground, 
gathers  pollen  which  she  molds  into 


MUTUAL  AID  AKD  COMMUNAL  LIFE  AMONG  ANIMALS    ; 

a  rather  large  irregular  mass  and  puts 

into  the  hole,  and  lays  a  few  eggs  on 

the  pollen  mass.    The  young  grubs  or 

larvEB  which   soon    hatch   feed   on   the 

pollen,    grow,    pupate,    and     issue    as 

workers — winged   bees   a   little   smaller 

than  the  queen.     These  workers  bring 

more  pollen,  enlarge  the  nest,  and  make 

irregular  cells  in  the  pollen  mass,  in  each 

of  which  the  queen  lays  an  egg.     She 

gathers  no  more   pollen,  does  no  mo'e 

work  except  that  of  egg-laying.     From 

these    new    eggs    are    produced    more 

workers,  and    so    on    until    the    com- 
munity may  come  to  be  pretty   large. 

Later  in  the  summer  males  and  females 

are  produced  and  mate.     With  the  ap- 
proach of   winter  all   the  workers  and 

males   die,   leaving   only   the   fertilized 

females,    the    queens,   to    live    through 

the  winter  and  foim<l  new  communities 

in  the  spring. 

Tlif  socLiil  was|Ts — as  with  the  bees, 

there  are  many  more  kinds 
of  solitary  wasps  than  social 
ones — show  a  commimal  life 
hke  that  of  the  bumblebees. 
The  only  yellow  jackets  and 
hornets  that  live  through 
the  winter  are  fertilized 
females  or  queens.  When 
spring  comes  each  queen 
builds  a  small  nest  sus- 
pended from  a  tree  branch, 
or  in  a  hole  in  the  ground, 
which  consists  of  a  small 
comb  inclosed  in  a  covering 
or  envelope  o|»en  at  the 
lower  end.  The  nest  is 
composed  of  "wasp  paper," 
made    by  chewing  bits   of 
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weather-beaten  wood  taken  from  old  fencea  or  outbuildin 
In  each  of  the  cells  the  queen  lays  an  egg.     She  deposits  in  the 
cell  a  small  mass  of  food,  consisting  of  some  chewed  i 
or  spiders.     From  these  eggs  hatch  grubs  which  eat  the  foo< 
prepared  for  them,  grow,  pupate,  and  issue  as  worker  waspOrl 


I 


winged  and  slightly  smaller  than  the  queen  (Fig.  239). 
workers  enlarge  the  nest,  adding  more  combs  and  m&kinf 
many  cells,  in  each  of  which  the  queen  lays  &a  egg.  The 
workers  pro^-ision  the  cell  wilh  chewed  insects,  and  other  broods 
of  workers  are  rapidly  hatchctl.  Tlic  community  grows  in  Dum- 
IxTS  and  the  nost  grows  in  size  until  it  ciimea  to  be  the  gnwt 
ball-like  oval  mass  which  we  know  so  well  as  a  harnem'  ocA 
(Fig.  240),  a  thing  to  be  left  untouched.  When  disturbixl, 
the  wasps  swarm  out  of  the  nest  and  fiercely  attack  aof 
invading  foe  in  sight.  Aft^-r  a  nimiber  of  brooda  of  workup 
has  been  produced,  broods  of  mah-s  and  females  appear  and 
mating  takes  placi".  Jn  the  late  fall  (lie  males  and  all  of  the 
many  workers  die,  leaving  only  the  new  (juecns  to  Uvo  tlirou)ch 
the  winter. 

Honeybees  live  together,  as  we  know,  in  large  communities. 
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We  are  accustomed  to  think  of  honeybees  as  the  inhabitants 
of  beehives,  but  there  were  bees  before  there  were  hives.  The 
"  bee  tree "  is  famihar  to  many  of  us.  The  bees,  in  Nature, 
make  their  home  in  the  hollow  of  some  dead  or  decaying  tree- 
trunk,  and  carry  on  there  all  the  industries  which  characterize 
the  busy  communities  in  the  hives.  A  honeybee  community 
comprises  three  kinds  of  individuals  (Fig.  241) — namely,  a 
fertile  female  or  queen,  numerous  males  or  drones,  and  many 
infertile  females  or  workers.  These  three  kinds  of  individuals 
differ  in  external  appearance  sufficiently  to  be  readily  recogniz- 
able. The  workers  are  smaller  than  tlie  queens  and  drones, 
and  the  last  two  differ  in  tlie  shajxj  of  the  abdomen,  or  hind 
body,  the  abdomen  of  the  queen  being  longer  and  more  slender 
than  that  of  the  male  or  drone.  In  a  single  community  there 
is  one  (jueen,  a  few  hundred  drones,  and  ten  to  thirty  thousand 
workers.  The  number  of  drones  and  workers  varies  at  different 
times  of  the  year,  being  smallest  in  winter.  Each  kind  of 
individual  has  certain  work  or  business  to  do  for  the  whole 
community.  The  queen  lays  all  the  eggs  from  which  new  bees 
arc  born;  that  is,  she  is  the  mother  of  the  entire  community. 
The  drones  or  males  liave  simply  to  act  as  royal  consorts;  upon 
them  (lej)en(ls  the  fertilization  of  the  eggs.  The  workers 
undertake^  nil  the  food-getting,  the  care  of  the  young  bees,  the 
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conil)-l)uil(ling,  the  honey-making — all  the  industries  with  which 
we  ar(^  more  or  less  familiar  that  are  carried  on  in  the  hive. 
And  all  the  work  done  by  the  workers  is  strictly  work  for  the 
whole  coiiiiininity ;  in  no  case  does  the  worker  bee  work  for 
itself  alone ;  it  works  for  itself  only  in  so  far  as  it  is  a  member  of 
the  coMimunity. 

How  varie(l  and  elaborately  perfected  these  industries  are 
may  he  perccMved  from  a  brief  account  of  the  life  history  of  a 
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hce  comraimity.    The  interior  of  the  hollow  in  the  Ix*  trw  o 
of  the  hive  is  filled  with  "eomb" — that  is,  with  wax  molrfe* 
into  he\flgonnl  eclls  and  supports  for  ttiese  cells.     The  tiioltlin; 
of  ttiese  thousands  of  synimetriejil   w 
aoioniplished  by  the  workers   by  inea 
their  specially  modified  trowellike  mandible 
or  jawB.     The  wax  itself,  of  which  the  celh 
are   made,   comes  from   the   bodies   of   th< 
«'f>rkers  in  the  form  of  small   liquid   drop 
which   exude  from  the  skin   on   the   itnda 
side  of  the  abdomen  or  hinder  body  rings. 
These    droplets    run    together,    harden    bik 
become    flattened,   and   are    removed    froni 
the  wax   plates,  as  the  peculiarly  modifiec 
parts  of  the  skin  which   produce   the 
are  called,  by  means  of  the  hind  legs,  wliicb 
are    furnished    with  scissorlike   contrivan« 
for  cutting  off  the  wax  (Fig.  242),     In  cer- 
tain of  the  ceils  are  stored  the  pollen 
honey,  which   serve   as  food   for  the   cont- 
numity.     The    pollen    is    gathered    by    tha 
woi'kers  from  certain  favorite  flowers  and  is 
carried   by   them  from   the  flowers   to   the 
hive  in  the  "pollen  baskets,"  tlie  sli^illjr 
concave  outer  surfaces  of   one  of   the  seg 
meuts  of  the  broadened  and  flattened  hind 
legs.     This  concave  surface  is  lined  on  each 
itttitvotkBThaary-    margin  with  a  row  of  incurved  stilT  hairs, 
bee.   ^""'■v*  """     which  liold  the  pollen  mass  securely  in  ptac* 
ta^jmniwiiTi'i"     (Fig.  242).  The   "honey"  is   the  nccUir  of 
in»r«imj   hairs   i>     flowcrs  whicli  has  been  sucked  up  by  the 
tb«  •'"■x"b<™''o™    workers  by  means  of  their  eIat>orate  lappinfp 
tiieiMiiiioRKucfiicea    and   suckjug   mouth    parts   and    swallowed 
"•   ""'  ■"«'"  ^*-    into  a  sort  of  honey  sac  or  stomach,  then 
*<»t^uoUhtii^.    brought  to  the   hive  and  regurgitated  into 
the  cells.     This  nectar  is  at  first  too  waterj 
to  1)6  good  honey,  so  the  liees  have  to  evaporate  Konie  of  thil 
water.     Many  of  the  workers  gather  above  the  cells  con 
ing  nectar,  and  buzz — that  is,  vibrate  their  wings  violently. 
This  creates  currents  of  air  which  pass  over  the  exposed  m 
and  increase  the  evaporation  of  the  water.     The  violent  bux» 
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ing  raises  the  temperature  of  the  bees'  bodies,  and  this  warmth 
ftiven  off  to  tlic  air,  also  helps  make  evaporation  more  rapid. 
In  addition  to  bringing  in  food  the  workers  also  bring  in,  when 
necessary,  "propolis,"  or  the  resinous  gum  of  certain  trees, 
which  they  use  in  repairing  the  hive,  as  closing  up  cracks  and 
crevices  in  it. 

In  many  of  the  cells  there  will  be  found,  not  pollen  or 
honey,  but  the  eggs  or  the  young  l>ees  in  larval  or  pupal  con- 
dition (Fig.  243).  The  queen  moves  about  through  the  hive, 
laying  eggs.  She  deiKisits  only  one  egg  in  a  cell.  In  three 
days  the  egg  hatches, 
and  the  young  bee  ap- 
pears as  a  helpless  soft, 
while,  footless  grub  or 
larva.  It  is  cared  for 
by  certain  of  the 
workers,  that  may  be 
called  nurses.  These 
mirses  do  not  differ 
struct  Tirally  from  the 
oilier  workers,  but  they 
have   the   s|)ecial   dutv 

-  .  f  '       ,        ,     ,  ■        Fiii.  2*3.— Cfl],  conlikiiiing  rugs,  larv*.  imd  PUP» 

of  carmg  for  the  hel])-        „f  ,i„  (.„„„.i«,,  Th.i<.-r-r.i.r^.irrepii«-odb 

less   young    IhtS.      They  n™  Ihe  qu«i.  «11..     (.a n«  Benton.) 

do  nut    go  out  for  pol- 

h-n  or  honey,  but  stay  in  tlie  hive.  They  are  usually  the 
new  Imh's — i.  e.,  ihe  youngest  or  most  recently  added  workers. 
AttiT  llicy  ;ii-t  as  nurws  for  a  week  or  so  they  take  their 
plitces  with  the  fixKl -gathering  workers,  and  other  new  bees 
act  as  nur.-^es.  The  nurses  feed  the  young  or  larval  bees  at 
first  Willi  u  highly  nulritions  food  called  Ix^  jelly,  which  the 
nurscM  timkc  in  their  stomach,  and  regurgitate  for  the  larvte. 
Aftrr  till'  liirvjivire  two  or  three  days  ohi  tliey  are  fed  with  pollen 
and  hiiiiey.  I'intilly,  a  stnull  mass  of  food  ia  put  into  the  cell, 
and  the  cell  is  '■capiM'd"or  covered  with  wax.  Each  larva, 
after  ciiting  all  its  food,  in  two  or  three  days  more  changes  into 
a  |Hi|i:i.  which  lies  i]uic8cent  without  eating  for  thirteen  days, 
wIlco  it  cliiingcs  into  a  full-grown  bee.  The  new  lx«  breaks 
open  tlie  caj)  of  Ihe  cell  with  its  jaws,  and  comes  out  into  the 
hive,  ready  to  take  up  its  share  of  the  work  for  the  community. 
In  a  few  ijlscs,  liowever,  the  life  history  18  different.  The  nurses 
20 


EVtAtnOS   AND  .1.VDC.U.  LIFE 

tear  down  etwrtl  ndls  aromui  nxae  dngie  one.  sad  c 
■  bmer  outf  inlii  a  great  irregular  vaGe-«haped  eriL 
tfg  bstdim.  thr  jcnili  or  Urt*«  is  fnl  bcc  ^^7  ■*  !■ 
■4UIW  a  larva,  rwver  Unng  pven  mtUnarj'  poOen  i 
iH.    This  l«r\'a  ftiially  pupale*-,  and  ibere  nraes  I 
■pa  not  a  worker  or  drone  liee,  but  a  new  queen  bee,  __ 

m  which  tliK  quven  '»  produred  id  the  same  as  the  ottter  eg^^ 
it  the  workn-  ourwe  by  feeding  the  lan-a  only  the  hi^tly 
uittritioua  bee  jelly  make  it  certain  that  the  new  bee  shall  be- 
some  a  queen  instead  of  a  worker.     It  ia  abo  to  be  noted  that  f 
he  male  bec-H  or  dmnis  are  hatche<l  from  e§^  that  are  not  I 
fertilised,  the  queen  having  it  in  her  power  to  lay  either  ferti- 
Uxed   or   unfertilized   eggs.     From   the   fertilized   eggs   batch 
larvie  which  dei'elop  into  queena  or  workers,  depending  mi 
the  manner  of  their  nourishmeat ;  from  the  unfertilised  < 
hatch  the  malft^. 

When  flcviTdl  '('uttis  apiwar  there  is  much  exciten 
in  the  community.  Each  community  has  normally  a  ain^ 
one,  BO  thut  when  additional  queens  appear  some  rearrange- 
ment i«  neceHsary.  This  rearrangement  comes  about  first  by 
fighting  among  the  queens  until  only  one  of  the  new  queens  is 
left  alive.  Then  the  old  or  mother  queen  issues  from  the  hive 
or  tree  foUowf^l  by  many  of  the  workers.  She  and  her  foUowen 
fly  away  together,  finally  alighting  on  some  tree  branch  and 
matwiiig  there  In  a  denuc  swarm.  This  is  the  familiar  phenome- 
m>n  of  "Hwarmiiig."  The  swarm  finally  finds  a  new  hoUow 
tree,  or  in  the  ease  of  the  hive  bee  the  swarm  is  put  into  a 
new  hive,  wliorc  tlie  bees  build  cells,  gather  food,  produce 
young,  and  thus  found  a  new  community.  This  swarming 
is  Himj)ly  an  emigration,  wliieh  results  in  the  wider  distribu- 
tion and  in  the  increase  of  (lie  number  of  the  species.  It  is  a 
peculiar  but  effective  mode  of  distributing  and  perpetuating 
the  species. 

There  are  many  other  interesting  and  suggestive  things 
which  might  be  told  of  the  life  in  a  bee  community;  how  the 
community  protects  itself  from  the  dangers  of  starvation 
when  food  is  scarce  or  winter  comes  t>i  by  killing  the  useless 
drones  and  the  immature  bees  in  egg  and  larval  stage;  how 
the  instinct  of  home-finding  has  l)een  so  highly  developed 
tliot  the  worker  bees  go  miles  away  for  honey  and  nectar, 
flying  with  unerring  accuracy  back  to  the  hive;  of  the  extraor- 
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dinarily  nice  Btnictural  modifications  which  adapt  the  bee  so 
perfectly  for  its  complex  and  varied  businesses;  and  of  the 
tireless  persistence  of  the  workers  until  they  fall  exhausted 
and  dying  in  the  perf  onnance  of  their  duties.  The  community, 
it  is  important  to  note,  is  a  persistent  or  continuous  one.  The 
workers  do  not  live  long,  the  spring  broods  usually  not  over 
two  or  three  months,  and  the  fall  broods  not  more  than  six  or 
eight  months;  but  new  ones  are  hatching  while  the  old  ones  are 
dying,  and  the  community  as  a  whole  always  persists.     The 


queen  may  live  several  years,  perhaps  as  many  as  five.'     She 
lays  about  one  million  eggs  a  year. 

There  are  many  six-ciea  of  anta,  two  thousand  or  more,  and 
all  of  thc-m  live  in  communities  and  show  a  truly  communal 
life.  TliLTC  ia  much  variety  of  habit  in  the  lives  of  different 
kinds  of  ants,  and  the  degree  in  which  the  communal  or  social 
life  is  sjKJcialized  or  elaborated  varies  much.  But  certain 
general  conditions  prevail  in  the  life  of  all  the  difTerent  kinds  of 
individiiali — sexually  developed  males  and  females  that  possess 
wings,  anil  sexually  undeveloped  workers  that  are  wingless 
(Fi^-  '.i-t-l).  In  some  kinds  the  workers  show  structural  diffcr- 
(•n<Tri  jiiTiimn  llipmst'lvps,  lx>ing  divided  into  small  workers, 
liirge  workers,  and   soldiers.     Tlie  workers  are,  as   with  the 


'  A  qiiei'ii  Imt^  bw  been  kept  &live  for  fifteen  y 
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apeciea,  a  very  elaborate  underground, 
of  galleriea  and  chambcra.     Certain 


bees,  infertile  females,  .\ithough  the  life  of  the  ant  rommunit 
is  much  lesj  familiar  and  fully  knon'n  than  thai  nf  the  liees, 
is  even  more  retnarkabte  in  its  sperializations  tioci  elaltorw 
nes8.  Tlie  ant  home,  or  nest,  or  formicary,  is.  with  nM 
many-fitorieii  labv-rii] 
xtins  are  used  for  t 
storage  of  food ;  verta 
others  as  "oiirBCrie 
for  the  rewptinn  m 
eare  of  the  young;  m 
others  as  "  H(alil<4  '*  I 
the  ants'  cattle,  eerta 
|]lant  lice  or  sc»Ie  j 
sects  which  &rc  son 
limes  collected  a) 
rared  for  by  the  anU 
The  foi»d  of  at 
en m prises  many  kin 
of  v^elable  and  i 
mal  substances; 
the  favorite  fo< 
"national  dish,'  _ 
has  been  called,  is 
sweet  fluid  whirh 
produced  by  cerfr 
wi  small  insects,  th<-  i  < 
'*  lice  (Aphididsp) 
"  ■  scale  insects  (Con  i 
These  inserts  livi 
ipecialty  favored  with  iln 
rarely  see  any  ants  but  i 


Fio.  245.— TliPi  int.  SJenopmj  fufliu-: 


a 

y 


the  sap  of  plants;  rose  bushes  are 
presence.  The  worker  ants  (and  v 
wingless  workers,  the  winged  males  and  females  appearing  out 
the  nest  only  at  mating  time)  find  these  honey-secreting  inace 
and  gently  touch  or  stroke  them  with  their  feelers  (antcnm 
when  the  plant  hce  allow  liny  drops  of  the  honey  to  isstH^  frf 
the  body,  which  arc  eagerly  drunk  by  the  ants.  It  is  manif  - 
to  the  advantage  of  the  ants  that  the  plant  lico  should  lhri\ . 
they  arc  soft-l>odied.  defenseless  insects,  and  readily  fall  t\  , 
to  the  wandering  prwlaceoiis  insects  like  (he  htdybirda  a 
aphis  lions.  80  the  ants  often  guard  small  groups  of  fi» 
lice,  attacking,  and  driving  away  the  woulil-l>e  ravage:^.     Wh 
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tlie  branch  on  which  the  jilant  lice  are  gets  withered  and  dry, 
tlie  ants  have  been  observed  to  carry  the  plant  lice  carefully 
to  a  fresh,  green  branch.  On  page  374  la  described  how  the 
little  brown  ant  Lasius  brunneua  cares  for  the  com  root  plant 
louse.  In  the  arid  lands  of  New  Mexico  and  Arizona  the  ants 
rear  their  scale  insects  on  the  roots  of  cactus.  Other  kinds  of 
ants  carry  plant  lice  into  their  nest^  and  provide  them  with  food 
there.  Because  the  ants  ob- 
tain food  from  the  plant  lice 
and  take  care  of  them,  the 
plant  Ii<e  are  not  inaptly 
called  the  ants'  cattle. 

Like  the  honeybees,  the 
young    ants    are     helpless 

little  grulis  or  larvie,  and        ^k        i^  ^0       ^^ 

are  cared   for  and  fed   by        ^^c  m£^  ^       ^^    a^    A 
nurses.     The  so-called  ants' 
eggs,     little     white,     oval 

masses,     which     we    often  *'\'^*  *V«lk 

see    being    carried    in    the  » 

mouths  of  ants  in  and  out        ^P  '    ^^  ^  ^^*". 

of  anis'  nests,  are  not  eggs, 
but  are  the  pupre  which 
are  In-ing   brought  out   to  -  , 

enjiiv  the  warmth  and  light  * 

, '    j  ,     .  ^    ."  Pia.  !«.— Ndit  of  ths  u 

of  the  sun  or  being  taken        »ni,  wiihihen«io(iu 

back   into   tlie   nest   after-        ^w«.    <a«  Moount  on  pw  a7s.) 

wards. 

In  aililition  to  the  workers  that  build  the  nest  and  collect 
foofi  ami  I'are  f()r  the  plant  lice,  there  is  in  many  species  of 
ants  a  kind  of  individuals  called  soldiers.  These  are  wingless, 
like  tlio  workers,  and  are  also,  like  the  workers,  not  capable  of 
laying  or  of  fertilising  eggs.  It  is  the  business  of  the  soldiers, 
as  their  name  suggests,  to  fight.  They  protect  the  community 
by  attacking  and  driving  away  predaceoua  insects,  especially 
other  iuits.  The  ants  are  among  the  most  warlike  of  insects. 
The  soldiers  of  a  community  of  one  species  of  ant  often  sally 
forth  and  attack  a  community  of  some  other  species.  If  suc- 
ccssfiil  in  battle  the  workers  of  the  victorious  community  take 
[>ossessiiin  iif  the  ftKKl  stores  of  the  conquered  and  carry  them 
111  their  iiwn  nest.     Indeetl,  they  go  even  further;  they  may 
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!  dsrca   (rf   tb»  anqoBnl  aals.    Tixn  an   muaeium 
e*  of  Ae  Bo-esDed  rti-rrMfcriq:  ante.     Tbr  ^Oi 
-  into  tbnr  own  not  tlw  egg*  aad  tsme  aitd  pops  <d  tte 
ETcd  mmmunitjr,  and  vfaen  Uioe  ««■«  tn  hmIutUj  tht^: 
.  dftvo  of  tb«  tie<oc»— «hM  a,  the;-  ooDect  food.  baiU 
oiw  to  the  oeeU.  and  care  for  the  Toung  of  the  dsvfr° 
_rt.    Hus  speculizstko  fo«s  so  fsr  in  the  case  of  aotem 
]|  of  ante,  Eke  the  n>bb«'-u)t  of  >V»ith  .America  (Erifam), 
t  an  of  tile  Eeiton  workers  hftve  become  soldien,  which  do 
r  do  any  work  for  theneel^'es.     The  whole  eommuniiy 
,  therefore,  wholly  by  (nlls^  or  by  making  slaves  of  other 
if  ants.     There  are  four  kinds  of  individuals  in  a  robber- 
^amuiiuty — winged  males,  winfed  females,  and  small  and 
win^eas  eoldier:!.     There  are  many  more  of  ihe  small 
s  thMi  of  the  lanK.  and  some  naturalists  belie\'e  that  the 
tt«,  wJ-i'-h  1-'-  -^-vr— ;-'■'-!  Kv  h'-s.'\'  ar^H  :^rw^  of  great 
«,,  act  as  o"         '  i         ,  ■   -     ;    r-  are  ar- 

ranged in  a  long,  narrow  column,  while  the  large  soldiers  are 
scattered  along  on  either  side  of  the  column  and  appear  to  act 
as  sentinels  and  directors  of  the  army.  The  observations  made 
by  the  European  students  of  ants,  Huber,  Forel,  Ehnery  and 
Wasmann,  and  by  McCook  and  Wheeler  in  America,  read  like 
fairy  tales,  and  yet  are  the  well-attested  actual  phenomena  of 
the  extremely  specialized  communal  and  social  life  of  these 
animals. 

The  bumblebees  and  social  wasps  show  an  intermediate 
condition  between  the  simply  gregarious  or  neighborly  mining 
bees  and  the  highly  develope<t,  permanent  honeybee  and  ant 
communities.  Naturalists  believe  that  the  highly  organized 
communal  life  of  the  honeybees  and  the  ants  is  a  develop- 
ment from  some  simple  condition  hke  that  of  the  bumblebees 
and  social  waspn,  whicli  in  its  turn  has  grown  out  of  a  still 
HJmpler,  more  gregarious  assembly  of  the  individuals  of  one 
Hpecies.  It  is  not  difficult  to  sue  how  such  a  development  could 
in  the  course  of  a  long  time  take  place. 

The  termites  or  wliito  ants  (not  true  ants)  are  abo  communal 
iiiHccts.  Some  s)iceics  of  termites  in  .Africa  live  in  great  mounds 
of  earth,  often  fifteen  feet  high.  The  community  comprises 
hundreds  of  thousands  of  individual,  which  are  of  as  many  as 
eight  kinds  or  castes  (Fig.  247)  viz.,  sexually  active  winged  males, 
Bcxiially  active  winged  females,  otlier  fertile  males  and  females 
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which  are  wingleae,  wingless  workers  of  both  sexes  not  cspabte 
of  reproduction,  and  wingless  soldiers  of  both  sexes  aliao  in- 
capable of  reproduction.  The  production  of  new  individuals 
is  the  sole  business  of  the  fertile  males  and  females;  the  workers 
build  the  nest  and  collect  food,  and  the  soldiers  protect  the 
community  from  the  attacks  of  marauding  insects.  The  ^g- 
laying  queen  grows  to  monstrous  size  in  some  species,  being  some- 
times four  or  five  inches  long,  while  the  other  individuals  of  the 
community  are  not 
more  than  half  or 
three-quarters  of  an 
inch  long.  The  great 
size  of  the  queen  is 
due  lo  the  enormous 
number  of  eggs  in 
her  body. 

We  have  pointed 
out  elsewhere  that 
the  complexity  of 
the  bodies  of  the 
higher  animals  de- 
pends on  a  spcciftli- 
zation  or  difTereiilia- 
tion  of  parts,  due 
to  the  assumption  of 

difftTcnt  functions  or  d.  ^Jdiw. 

duties    In'    diffcrpnt 

parls  iif  the  Itody;  that  the  degree  of  structural  differentiation 
dei«'ti<l,s  cm  the  degree  or  extent  of  division  of  labor  shown  in 
the  economy  of  the  animal.  It  is  obvious  that  the  same  prin- 
eijilc  of  (livision  of  lal)or  with  accompanying  modifieation  of 
slnicliire  is  the  Imsis  of  colonial  and  communal  life.  It  is 
siiii]>ly  11  inaiiife.'italion  of  the  principle  among  individuals  in- 
steail  of  am<mg  organs.  The  division  of  the  necessary  labors 
of  life  iiiiiong  the  different  zooida  of  the  colonial  jellyfish  is 
I'laiiily  the  reas<m  for  the  profound  and  striking,  but  always 
reasoiiiLlile  iiiid  exjilieable,  modificationB  of  the  typical  polyp 
or  nii-iiiisii  lioiiy.  wliicJi  is  shown  by  the  swimming  zooids,  the 
feccjint;  /.iHiiiis.  the  wnso  zooida,  and  the  others  of  the  colony. 
.\rnl  similarly  In  the  ejuse  of  the  termite  community,  the  sol- 
dier indiviiluals  are  different  structurally  from  the  worker  in- 
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idualB  because  of  tlie  different  work  they  have  to  do.  And 
queen  difTcra  from  all  the  others,  because  of  tlie  extraor- 
■ry  prolificacy  demanded  of  lier  to  maintain  the  great  com- 
ity. 

it  ifl  important  to  note,  however,  that  among  those  animalfl 
it  show  the  most  highly  organized  or  sijccialized  communal 
Mial  life,  the  structural  differences  among  the  in diAi duals 
the  least  marked,  or  at  least  are  not  the  moat  profound, 
!  three  kinds  of  honeyl*ee  individuals  differ  but  litlle;  in- 
d,  as  two  of  the  kinds,  male  and  female,  are  to  be  found  in 
case  of  almost  all  kinds  of  animals,  whether  communal 
'abit  or  not,  the  only  unusual  structural  specialization  in 
case  of  the  honeybee,  is  the  presence  of  the  worker  indi- 
al,  which  differs  from  the  other  individuals  primarily  in 
rudimentary  canditif>n  of  the  reproductive  glands.     Finally, 
he  case  of  man,  with  whom  the  communal  or  eocial  hahit 
H>  all-important  as  to  gain  for  him  tlie  niimc  of  "the  sorijd 
animal,"   there   is  no   differentiation   of   individuals   adapted 
only  for   certain   kinds  of  work.     Among  these   highest   ex- 
amples of  social  animals,  the  presence  of  an  advanced  mental 
endowment,  the  specialization  of  the  mental  power,  the  power 
of  reason,  have  taken  the  place  of  and  made  unnecessary  the 
structiu-al  differentiation  of  individuals.     The  honeybee  work- 
ers do  different  kinds  of  work:  some  gather  food,  some  care  for 
the  yotmg,  and  some  make  wax  and  build  cells,  but  the  in- 
dividuals are  interchangeable;  each  one  knows  enough  to  do 
these  various  things.     There  is  a  structural  differentiation  in 
the  matter  of  only  one  special  work  or  function,  that  of  re- 
production. 

With  the  ants  there  is,  in  some  cases,  a  considerable  struc- 
tural divergence  among  individuals,  as  in  the  genus  Alia  of 
South  America  with  six  kinds  of  individuals — namely,  winged 
males,  winged  females,  wingless  soldiers,  and  wingless  workers 
of  three  distinct  sizes.  In  the  ca.se  of  other  kinds  with  quite 
as  highly  organizptl  a  communal  Hfe,  there  are  but  three  kinds 
of  individuals;  the  winged  males  and  females  and  the  wingless 
workers.  The  workers  gather  food,  build  the  nest,  guard  the 
"cattle"  (aphids),  make  war,  anc|  care  for  the  young.  Each 
one  knows  enough  Id  do  all  ihcwe  various  distinct  things.  It.* 
body  is  nut  so  modilied  that  it  is  limited  to  doing  but  one 
kind  of  thing. 
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The  increase  of  intelligence,  the  development  of  the  power 
of  reasoning,  is  the  most  potent  factor  in  the  development  of 
a  highly  specialized  social  life.  Man  is  the  example  of  the 
highest  development  of  this  sort  in  the  animal  kingdom,  but 
the  highest  form  of  social  development  is  not  by  any  means  the 
most  perfectly  communal. 

The  advantages  of  communal  or  social  life,  of  cooperation 
and  mutual  aid,  are  real.  The  animals  that  have  adopted 
such  a  life  are  among  the  most  successful  of  all  animals  in  the 
struggle  for  existence.  The  termite  individual  is  one  of  the 
most  defenseless,  and,  for  those  animals  that  prey  on  insects, 
one  of  the  most  toothsome  luxuries  to  be  found  in  the  insect 
world.  But  the  termite  is  one  of  the  most  abundant  and 
widespread  and  successfully  living  insect  kinds  in  all  the  tropics. 
Where  ants  arc  not,  few  insects  are.  The  honeybee  is  a  popu- 
lar type  of  a  successful  life.  The  artificial  protection  afforded 
the  honeybee  by  man  may  aid  in  its  struggle  for  existence,  but 
it  gains  this  protection  because  of  certain  features  of  its  com- 
munal life,  and  in  Nature  the  honeybee  takes  care  of  itself 
well.  The  Little  Bee  People  of  Kipling's  Jungle  Book,  who 
live  in  great  communities  in  the  rocks  of  Indian  hills,  can  put  to 
rout  the  largest  and  fiercest  of  the  jungle  animals.  Coopera- 
tion and  mutual  aid  are  among  the  most  important  factors 
which  help  in  the  struggle  for  existence.  Its  great  advantages 
are,  however,  in  some  degree  balanced  by  the  fact  that  mutual 
help  brings  mutual  dependence.  The  community  or  society 
can  accomplish  greater  things  than  the  solitary  individuals, 
but  cooiHTation  limits  freedom,  and  often  sacrifices  the  indi- 
vidual to  the  whole. 


fHAI'TP:R  XIX 
COLOR  AND  PAT  i  IN  ANIMALS 

In  spite  of  the  fluency  «-ith  which  so  many  people  talk  of  ihe 
'Hwauing  of  color  in  organisms,  the  subject  is  hb  incomplete  on  ttn 

iorctica]  as  on  the  phynnoloipeal  ^de.  .  .  .  The  two  deficiencies  are 
mated  and  a  little  more  physiology  will  arm  the  theorista  with  bett«f 
weapons. — N  b  wbigin  , 

A  CONSPICUOUS  characteristic  of  the  animal  body  is  its  color 
pattern.  Not  all  kinds  of  animals  attract  our  attention  by 
their  colors:  there  are  even  whole  groups  whose  uniform  mono- 
chrome color  scheme  is  of  a  sort  to  relieve  them  completdy 
from  any  imputation  of  flaunting  showiness  or  of  bizarre  fancies 
in  personal  decoration.  But  consider  such  a  class  as  the  insects: 
the  painted  butterflies,  the  burnished  beetles,  the  flashing 
dragon  flies,  the  green  katydids  and  brown  locusts  All  attract 
attention  first  by  the  variety  or  intensity  of  their  colors  and 
the  arrangement  of  these  colors  in  simple  or  intricate  aynunetry 
of  pattern.  Even  the  small  and  at  casual  glance,  obscure  and 
monochrome  insects  often  reveal,  on  careful  examination,  a 
large  degree  of  color  development  and  ofttimes  amazing  in- 
tricacy and  beauty  of  pattern.  So  uniformly  developed  is 
color  pattern  among  insects,  that  no  thoughtful  collector  or 
observer  of  these  animals  escapes  the  self-put  question:  Why 
is  there  such  a  high  degree  of  specialization  of  color  throughout 
the  insect  class?  If  he  be  an  observer  who  has  taken  seriously 
the  teachings  of  Darwin  and  the  utilitarian  school  of  naturalists, 
his  question  becomes  couched  in  this  form:  What  is  the  use  to 
the  insects  of  all  this  color  and  pattern? 

For  the  attitude  of  any  modern  student  of  Nature,  con- 
fronted by  such  a  phenomenon,  is  that  of  the  seeker  for  the 
significance  of  the  phenomenon.     And  the  key  to  significance 
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in  such  a  case  is  to  be  sought  in  utility.  The  usefulness  of 
color  in  animate  nature  as  an  inspirer  and  satisfier  of  our  own 
aesthetic  needs  and  capacities,  or  of  color  patterns  as  means 
whereby  we  may  distinguish  and  recognize  various  sorts  of 
animals  and  plants,  is  a  usefulness  which  may  be  answer  enough 
to  the  passing  poet  on  the  one  hand,  and  to  the  old-line  Lin- 
nsean  systematist  on  the  other,  but  it  is,  of  course,  no  answer 
to  science.  Science  demands  a  usefulness  to  the  color-bearing 
organisms  themselves:  and  a  usefulness  large  and  serious 
enough  to  be  the  sufRcient  cause  for  so  highly  specialized  and 
amazing  a  development. 

The  explanations  of  some  of  the  color  phenomena  of  animals 
are  obvious:  some  uses  we  recognize  quickly  as  certain,  some  as 
probable,  some  as  possible.  Some  colors  are  obviously  there 
simply  because  of  the  chemical  make-up  of  parts  of  the  insect 
body.  That  gold  is  yellow,  cinnabar  red,  and  certain  copper 
ores  green  or  blue,  are  facts  which  lead  us  to  no  special  inquiry 
after  significance:  at  least,  not  after  significance  based  on 
utility.  If  an  insect  has  part  of  its  body  composed  of  or  con- 
taining a  substance  that  is  by  its  very  chemical  and  physical 
constitution  always  red  or  blue  or  green,  we  may  be  content 
\idth  knowing  that,  and  not  be  too  insistent  in  our  demand  to 
the  insect  to  show  cause,  on  a  basis  of  utility,  for  being  partly 
red  or  blue  or  green.  And  even  if  this  red  or  blue  be  disposed 
with  some  symmetry,  some  regularity  of  repetition,  either 
segmentally  or  bilaterally,  this  we  may  well  attribute  to  the 
natural  segmental  and  bilaterally  symmetrical  repetition  of 
similar  body  parts.  Some  color  and  some  color  pattern,  then, 
may  l>e  explicable  on  the  same  basis  as  the  color  of  a  mineral 
specimen  or  of  a  tier  of  bricks. 

But  no  such  explanation  will  for  a  moment  satisfy  us  as 
to  the  presence  of  and  arrangement  of  colors  in  the  wings  of 
Kallima,  the  dead  leaf  butterfly,  or  in  Phylliumy  the  green  leaf 
plmsmid,  or  in  the  butterfly  fish,  Choeiodon,  or  in  the  lichen 
spider,  or  in  the  chameleon  with  its  changing  tints,  or  in  any 
one  of  a  score  of  other  more  or  less  familiar  forms  whose  color 
pattern  nmkes,  ev(»n  on  the  casual  observer,  an  insistent 
demand  for  rational  explanation. 

Certain  us(\s  of  color  seem  apparent:  the  colored  eye  flecks 
or  pigment  s|)<)ts  of  many  of  the  lower  animals  presumably 
serve  tlieir  iM)ssi»ssors  as  organs  by  which  to  distinguish  the 
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sence  or  absence  of  ligiit,  by  virtue  of  their  capacity  lo 
orb  light  Hnd  thus  stinmlute  the  aiwcially  sensitive  vpUb  - 
nosing  th(>m.     And  liie  pigment  or  absciiTO  of  it    (tlark 
ht  color)  ill  the  fur  antl  plinnjtge  of  cerliiin  mammals  mid 
may  perliaps  serve  to  absorb  or  to  rpflect  tlie  sua'a  r 
•8  to  help  keep  warm  or  cool  the  animals  thus  colored.     But 
h  explanations  of  animal  colors  can  obviously  apply  to  but 
cases.     Very  plainly  color,  and  especially  pattern,  has  itst 
ificance  if  anywhere  in  conneclion  with  certain  special  rr- 
na  of  animals  to  other  animals  anil  to  the  world  general]\-. 
jo,  ever  since  the  days  of  Darwin,  two  general  categori*^ 
nh  significance  or  ex|)lanation  of  color  and  pattern  have 
in  the  minds  of  naturalists.     One  of  these  is  the  signlG- 
-•.  attributed   to   color   pattern   by  the  theory   of  sexual 
ion;  the  other  is  that  attrilnitcd  to  it  by  the  general  theory 
)up  of  theories  of  protective  resemblance,  recognition, 
....fiimg,  directive,  and  mimetic  coloration,  etc.     Of  these  Iwu 
general  explanations,  one  has  steadily  lost  ground  since  Dar- 
winian and  early  post -Darwinian  daj's,  while  the  other  has 
slowly  but  steadily  gained  adherents  and  has  been  extended  to 
cover  more  and  more  cases  of  animal  ornamentation.     Of  the 
theory  of  sexual  selection  it  nuist  lie  said  that  it  certainly  can- 
not explain   the   conditions   of  secondary  sexual  differences, 
including  colors  and  patterns,  in  many  groups  of  animals,  and 
it  has  really  not  been  proved  to  explain  them  in  any  single 
group,  although  in  the  ca.se  of  birds  and  mammals  it  seems 
possible  that  the  theory  is  applicable:  at  least  no  other  ex- 
planation of  equal  validity  has  yet  been  presented.     Of  the 
specialization  of  color  and  pattern  for  the  sake  of  protecting 
the  animal  by  making  it  so  harmonize  or  fuse  with  the  usual 
environment  as  to  be  indistinguishable,  or  by  making  it  simulate 
with  sufficient  fidelity  some  particular  ))art  of  its  surroundings 
as  a  green  or  dead  leaf,  a  twig,  the  dropping  of  a  bird,  a  bit  of 
lichen  or  what  not,  or  by  making  it  mimic  some  other  animal 
notoriously  well  defende<l  by  -sting  or  fangs  or  ill-tasting  body, 
so  that  the  otherwise  defenseless  mimicker  is  mistaken  by  its 
enemies  for  the  defended  mimicked  kind  of  animal — of  this 
speciahzation  and  utility  of  color  and  pattern,  evidence  for  its 
reality  is  gradually  accumulating  to  convincing  amount.     And 
it  is  of  this  sort  of  color  and  pattern  specialization  that  the 
ief  discussion  to  follow  will  be  devoted. 
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348.— Kmtrdid.  Cj/rtophyUit  crepitatu.  from  (he  W«t 
iJioa.  with  (ncn  body  and  winfi  rasmblinc  ths  Icsvea 
ions  vhjch  it  tivH'     (Aft«r  Bhu^.) 


The  green  katydid  singing  in  the  tree-top  or  shrubbery  is 
readily  known  to  be  there  by  its  music,  but  just  which  bit  of 
green  that  we  see  is  katydid,  and  which  is  leaf,  is  a  matter  to 
be  decided  only  by  unusually  discriminating  eyes.  The  clacking 
locust,  beating  its 
black  winga  in  the 
air,  is  conspicuous 
enough;  but  after 
it  has  alighted  on 
the  ground  it  is 
invisible,  or, 
rather,  visible  but 
indistinguishable : 
itsgrayand  brown 
mottled  rolor  pat- 
tern is  8im|)ly  continuous  with  that  of  the  soil.  The  green 
larvsD  of  the  I'ierid  butterflies  lying  longitudinally  along  green 
grasses  simply  merge  into  the  color  scheme  of  their  environ- 
ment. The  gray  moths  rest  unperceived  on  the  bark  of  the 
tree  trunk.  Hosts  of  insert  kinds 
do  really  harmonize  with  the  color 
pattern  of  their  usual  environ- 
ment, and  by  this  correspondence 
in  shade  and  marking,  are  difficult 
to  perceive  for  what  they  are. 
Now  if  the  eyes  that  survey  the 
green  foliage  or  run  over  the  gray 
bark  are  those  of  a  preying  bird, 
lizard,  or  other  enemy,  it  is  <|uite 
certain — our  reason  tells  us  bo  in- 
sistently— that  this  possession  by 
the  insect  of  color  and  |iattern 
tending  to  make  it  indistinguish- 
able from  its  immc<liatc  environ- 
ment is  advantageous  to  it — ad- 
ruiri-Mi.hnvc  iinrri  nn  iha  unii.  vantagcoiis  to  the  degree  oftcn  of 
saving  itH  life.  Now  such  a  use 
of  color  and  [Hittern  is  i»b\'iou.sly  one  which  can  be  widesprend 
lliniugh  llic  insect  cIiinm.  and  may  l)e,  to  many  !*|)erie8  which 
lead  hves  exposed  to  the  attacks  of  insectivorous  animals,  of 
large — even  of  life  and  death — importance.     And  naturalists. 
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*  of  them  at  least,  believe  that  this  kind  of  usefulness  is 

and  that  it  is  the  principal  clew  to  the  chief  significance 

ilor  and  pattern— and   this  not  alone  in  the  case  of  in- 

,  but  of  most  other  animals  as  well. 

rrom  this  point  of  view,  namely,  that  color  patterns  may 

advantage  in  the  struggle  for  existence,  just  as  strength, 

ness,  and  other  capacities  and  conditiona  are,  the  speciall- 

;]on  and  refinement,  all  the  wide  modification  and  variety 

colors  and  patterns  are  explicable   by  the  hypothesis  of 

*iir  gradual  development  in  time  through  the  natural  selec- 

ti   of  fortuitous  advantageous   variations.     On  this  basis, 

h  special  instances  of  resemblance  to  particular  parts  of 

i  environment,  as  that  shown   by  Kallima  in   its   likeness 

to  a  dead  leaf,  and  Diapheromera  in  its  simulation  of  a  dry. 
leafless  twig,  are  simply  the  logical  extremes  of  such  a  hne  of 
specialization. 

But  the  nature  observer  may  be  inclined  to  ask  how  such 
brilliant  and  bizarre  colors  as  those  of  the  swallowt^  butter- 
flies and  the  tiger-banded  caterpillars  of  Anosia  can  be  included 
in  any  category  of  "protective  resemblance"  patterns.  They 
are  not  so  included,  but  arc  explained  ingeniously  by  an  added 
hypothesis  called  that  of  "warning  colors,"  while  for  the  strik- 
ing similarities  of  pattern  often  noted  between  two  unrelated 
conspicuously  colored  species  still  another  hypothesis  is  pro- 
posed. In  these  cases  it  is  not  concealment  that  the  color 
pattern  effects,  but  indeed  just  the  opjxjsite.  Since  the  pioneer 
studies  of  Bates  and  Wallace  and  Belt,  naturalists  have  been 
observing  and  experimenting  and  pondering  these  exposing, 
as  well  as  these  concealing,  conditions  of  color  and  pattern, 
and  they  have  proposed  several  theories  or  hypotheses  ex- 
planatory of  the  various  conditions.  These  hypotheses  are 
plausible;  but  they  are  much  more  than  that:  they  are  each 
more  or  less  well  backed  up  by  observation  and  experiment, 
and  some  of  them  have  gained  a  large  acceptance  among 
naturalists.  Both  the  reasoning  and  observed  facts  on  which 
these  hypotheses  rest  are  based  on  the  usefulness  of  the  colon 
and  patterns  to  the  animals  in  their  relation  to  the  outside  world. 
And  the  influence  of  advantage  and  natural  selection  is  given 
the  chief  credit  for  determining  the  present-day  conditions  of 
these  colors  and  patterns. 

Before,  however,  we  take  up  these  hypotheses,  defining 
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them  and  looking  over  some  of  the  evidence  adduced  for  their 
support,  as  well  as  some  of  the  criticism  leveled  at  them,  we 
may  advisedly  look  to  the  actual  physical  causation  of  color 
in  animals.  Whatever  the  use  or  significance  of  color,  our 
understanding  of  this  use  must  be  based  on  a  knowledge  of  the 
method  or  modes  of  its  actual  production. 

Color  in  organisms  is  produced  as  color  in  inorganic  nature 
is.  Certain  substances  have  the  capacity  of  selective  absorp- 
tion of  light  rays,  so  that  when  white  light  falls  on  them, 
certain  colors  (light  waves  of  certain  length)  are  absorbed,  while 
certain  others  (light  waves  of  certain  other  lengths)  are  re- 
flected. An  object  is  red  because  the  substance  of  which  it  is 
(superficially)  composed,  reflects  the  red  rays  and  absorbs  the 
others.  Certain  other  objects  or  substances  may  produce  color 
(be  colored)  because  of  their  physical  rather  than  their  chemical 
constitution;  their  surface  may  be  composed  of  superposed 
lamellae,  or  it  may  be  so  striated  or  scaled  that  the  various 
component  rays  of  white  light  are  reflected,  refracted,  and 
diffracted  in  such  varying  manner  (at  different  angles  and 
from  different  depths)  that  complex  interference  effects  are 
produced,  resulting  in  the  practical  extinguishing  of  certain 
colors  (waves  of  certain  length)  or  the  reflection  of  some  at 
angles  so  as  not  to  fall  on  the  eye  of  the  observer,  and  so  on. 
Such  colors  will  change  with  changes  in  the  angle  of  observa- 
tion, and  are  the  so-called  metallic  or  iridescent  colors.  These 
two  categories  of  color  have  been  aptly  called  chemical  and 
physical:  chemical  color  depending  on  the  chemical  make-up 
of  the  body,  physical  on  its  structural  or  physical  make-up. 
As  a  matter  of  fact  we  shall  find  that  most  animal  colors 
are  due  to  a  combination  of  these  two  kinds. 

(Substances  that  produce  color  by  virtue  of  their  capacity 
to  absorl)  certain  colors,  and  reflect  only  certain  others,  we 
may  call,  in  our  discussion  of  color  production,  "pigments"; 
and  "  pipjinental "  may  be  used  as  practically  synonymous  with 
"chemical"  in  referring  to  colors  thus  produced,  while  "struc- 
tural" may  be  used  as  synonymous  with  "physical"  in 
referring  to  colors  dci)endent  on  superficial  structural  character 
of  the  insect  l^ody.  For  colors  produced  by  the  cooperation 
of  both  pigment  and  structure,  "combination"  or  "chemico- 
physical "  may  be  used  as  a  defining  name.) 

Now  in  all  animals,  color  depends  on  the  presence  and  ar- 
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kngement  of  pigments  or  on  the  fine  structure  of  8ti[M?rfic-iaI 

rts,  aa  feathers,  scales,  skin,  etc.,*"'  on  a  corabinatkm  of  the 

o  color-prociucing  conditions.     In  birds,  for  example,  certain 

pigments  called  lipochromea  (which  are  either  actual  reserve 

d  produets  or  are  associate<l  with  Hiich),  are  abundantly 

esent  in  the  feathers,  bill,  feet,  etc.,  prtiduciug  reda,  yellows, 

owns,  etc.,  and  certain  other  dark    melanin  pigments  are 

istributed   as   minute  amorphous  granules  in   the   rutictilar 

itructures  or  epidermis,  producing  plain  gray,  brown,  black, 

<d  related  tints.     In  addition,  the  feathers  are  so  coiistrurtcd 

it  they  may,  and  do  ui  some  cases,  produce  the  most  brilliant 

'eacent  and  metallic  colors,  as  familiarly  shomi  to  iia  by  tlic 

aming  birds,  the  grackles,  etc.     Most  such  metallic  colors 

■>\rds,  hoMever,  are  ]>roduced  by  a  combination  of  pigment 

structure,   and   not   by  structure  alone.    The   colors  of 

mmala,  of  reptiles,  of  amphibians  and  of  fishes  might  also 

De  referred  to,  and  as  far  as  they  have  been  studied  or  analyzed 

according  to  their  causes,  we  should  find  that  in  mammals  the 

pigmental  colors  are  mostly  produced  by  so-called  melanins 

which  seem  to  be  waste  products.     In  the  fishes,  amphibians 

and  reptiles,  the  pigments  are  both  lijwchromes  and  melanins, 

while  in  all  the  vertebrate  classes  there  occur  cases  in  which 

vivid   physical   or   optical   colors  are   produced   by   cuticular 

structure.     The   most   exten<led   study   of   color   in    animals, 

however,  has  been  devoted  to  insect  colors.     Here  we  have  a 

pretty  clear  understanding  of  all  the  color-producing  agents. 

and  an  analysis  of  all  the  colors  more  usually  met  with,  into 

their  proper  classes,  that   is,  whether  exclusively  pigmental. 

exclusively  structural    or   mi,\ed   structural-pigmental.     In  a 

valuable  paper  by  Tower,  a-  table  of  insect  colors  showing  the 

classification  and  mode  of  production  of  the  various  colors  is 

given,  as  follows  (see  next  page): 

The  only  hypothesis  that  gives  to  colors  and  markings  a 
value  in  the  life  of  animals,  at  all  comparable  with  the  degree 
of  specialization  reached  by  these  colors  and  markings  and  by 
the  special  structures  develojM'd  to  make  them  possible,  is  that 
already  referred  to  as  the  theory  of  protective  and  aggresdve 
resemblances,  of  warning  and  directive  patterns,  and  of  mimi- 
cry. These  various  uses  of  color  patterns  are  all  concerned 
with  the  relation  of  the  animal  to  its  environment:  they  are 
means  of  protecting  the  animal  from  its  enemies,  or  of  enabliof 
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to   capture  its  prey.     They  are  uses  obviously  concerned 

1  the  "  struggle  for  existence  " :  they  are  " shifts  for  a  Ii^•ing.'* , 

:  the   sake   of  clearness  in  discussion   these   various   useai 

I  be  rather  arbitrarily  (classified  into  se\'eral  categories  whicii 

Nature  are  not  so  sharply  distinguished  as  the  paragraph^ 

atment  of  tlieni  might  suggest.  ' 

The  general  harmonizing  in  color  and  pattern  with  the  cotw 

leme  of  the  usual  environment  is  a  condition  which  every 

id  student  of  aniniala  recognizes  as  widely  existing.     Th» 

■en  color  of  foliage-inliabiting  forms,  as  tree  frogs  and  katy*- 

8,   the   mottled    gray   and    tawny  of  the   mammals.    bir<^ 

rds,  and  insects  of  the  deserts,  ami  the  white  of  the  hana 

1  foxes  and  owls  and  ptarmigan  of  the  arctic  and  aliunB 

.w-oovered  wastes,  are  color  tones  obviously  in  harmony  wiUi. 

general  color  of  the  environment.     In  the  brooks  most  fisheC 

;  dark  olive  or  greenish  above  and  white  below.     To  the  birds 

-ud  otluT  enemies  which  look  down  on  them  from  above,  they 

are  coI'iuhI  like  tlie  bottom.     To  tlieir  fish  enemies  which  look 

up  from  below,  their  color  is  like  the  white  light  above  them, 

and  their  forms  are  not  clearh'  seen.     The  fishes  of  the  deep  sea 

in  perpetual  darkness  are  violet  in  color  below  as  well  as  above. 

Those  that  live  among  seaweeds  are  red,  grass-green,  or  olive 

like  the  plants  they  frequent.     The  difficulty  of  distinguishing 

a  quiescent  moth  from  the  bark  on  which  it  is  resting,  a  green 

caterpillar   or   leaf-hopper  or   meadow  grasshopper   from  the 

leaf  to  which  it  clings,  a  roadside  locust  from  the  soil  on  which 

it  alights,  is  a  dirticulty  which  has  to  be  reckoned  with  by 

every  collector. 

Now  while  there  are  few  human  collectors  of  insects,  there 
are  hosts  of  bird  and  toad  and  lizard  insect-hunters,  to  say 
nothing  of  the  many  kinds  of  predaceous  insects  which  use  their 
own  cousins  for  chief  food.  So  that  where  this  difficulty  of 
distinguishing  the  resting  insect  from  its  environment  is  suffi- 
cient to  posljHine  success  on  the  part  of  the  insect^huntiof 
bird  or  lizard,  the  life  of  the  protectively  colored  insect  ts 
obviously  saved,  for  the  time,  by  its  dress.  This  is  a  utility  of 
color  and  pattern  than  which  there  can  be,  from  the  insect  point 
of  view,  nothing  higher. 

One  special  point  should  be  noted  in  connection  with  the 
general  protective  resemblance,  and  that  is,  that  the  harmon- 
izing or  melting  into  the  environment  may  of  ten  be  accomplished 
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by  a  color  and  pattern  not  directly  imitative  of  the  immediate 
environmental  objects,  but  of  such  a  kind  as  to  be  lost  among 
the  light  and  shadow  gradations  produced  by  light  shining 
through  leaves,  twigs,  etc.  Thayer  has  very  interestingly 
shown  the  possibilities  and  actual  effects  of  such  gradatory  or 
light  and  shadow  patterns  among  birds,  and  thus  explains  many 
cases  of  bird  patterns  not  apparently  very  closely  imitative, 
but  nevertheless  very  effective  in  making  the  bird  indistin- 
guishable when  at  rest  on  its  nest  or  in  the  bushes  or  grass 
of  its  usual  habitat.  General  protective  resemblance  is  un- 
doubtedly very  widespread  among  animals,  and  is  not  easily 
appreciated  when  the  animal  is  seen  in  museums  or  zoo- 
logical gardens — that  is,  away  from  its  natural  or  normal  en- 
vironment. 

A  modification  of  general  color  resemblance  found  in  many 
animals,  may  be  called  variable  protective  resemblance.  Certain 
hares  and  other  animals  that  live  in  northern  latitudes  are 
wholly  white  during  the  winter  when  the  snow  covers  every- 
thing; but  in  summer,  when  much  of  the  snow  melts,  revealing 
the  brown  and  gray  rocks  and  withered  leaves,  these  creatures 
change  color,  putting  on  a  grayish  and  brownish  coat  of  hair. 
The  ptarmigan  of  the  Rocky  Mountains  (one  of  the  grouse), 
which  lives  on  the  snow  and  rocks  of  the  high  peaks,  is  almost 
wholly  white  in  winter;  but  in  summer,  when  most  of  the  snow 
is  melted,  its  plumage  is  chiefly  brown.  Ix)cu8ts  of  various 
species  of  the  genus  Trimerotropis  show  a  variability  in  color 
of  individuals,  ranging  through  gray,  brown,  reddish,  plumbeous 
and  bluish,  and  such  accompanying  variability  in  marking  as 
to  result  in  producing  much  variety  of  appearance  in  a  single 
periea  of  collected  individuals.  We  have  noted  in  collecting 
these  locusts  in  Colorado  and  California  that  this  variability 
of  coloration  is  directly  associated  with  color  differences  in  the 
soil  of  the  localities  in  which  these  locusts  live;  the  reddish 
individuals  are  taken  from  si>ots  where  the  soil  is  reddish,  the 
grayish,  where  it  is  sand-colored,  and  the  plumbeous  and  bluish 
from  soil  fornie<l  by  decomposing  blui.sh  rock.  The  same 
variations  in  color  are  evident  in  the  horned  toads  (Phrynosoma) , 
as  found  on  various  colors  of  desert  soils. 

On  the  campus  of  Stanford  University  there  is  a  little  |)ond 
whose  shon\s  are  covered  in  some  placets  with  hits  of  bluish 
rock,  in  other  places  with  bits  of  reddish  rock,  and  in  still 
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liers  with  sand.     The  toad  bug  (Galgidiis)  lives  abundtttilly  1 
-J  the  banks  of  this  pond.     Specimens  collected   from    Ihef 
e  rocks  are   bluish   in   ground   color,  those  from   the   red  1 
Vs  are  reddish,  and  those  from  the  sand  are  sand-colored.  [ 
these  insects  have  fixed  colors ;   they  cannot,   like  the  ] 
imeleon  and  certain  other  lizards,  or  like  numerous  small 
sncs  and  some  tree  frogs,  change  color,  quickly  or  slowly, 
with  changes  in  position — that  is,  movements  from  green  to 
brown  or  to  other  colored  environment.     Variable  protective 
(semblance  in  in.iects  is,  as  far  as  known,  a  variability  directly 
nduced,  to  be  sure,  by  varying  environment,  but  all  acqiiJird 
during  the  development  of  the  individual  insects,  and  h\ed  by 
the  time  they  reach  the  adult  slage.     But  changes  of  cti\ot 
to  suit  the  changing  surroundings  can  be  quickly  made  in  the 
Case  of  some  animals.     Tlie  chameleons  of  the  tropics,  whose 
skin  changes  color  momentarily  from  green  to  brown,  bl:irkish 
or  golden,  is  an  excellent  example  of  this  liifrlily  -.pivi^ili.ci 
condition.     The  same  change  is  shown  by  a  small  Uzard  of  our 
Southern  States  (Anolina),  which  from  its  habit  is  called  the 
Florida  chameleon.     There  is  a  httle  fish   (Oligocottiix)  which 
is  common  in  the  tide  pools  of  the  bay  of  Monterey,  in  Cali- 
fornia, whose  color  changes  quickly  to  harmonize  with  the 
different  colors  of  the  rocks  it  happens  to  rest  above.     Most 
of  the  tree  frogs  show  this  variable  coloring. 

The  well-known  experiments  of  Trimen,  Miiller,  and  Poulton 
on  the  pupating  larva;  of  swallow-tailed  butterflies  {PapUio), 
and  of  Poulton  on  other  butterflies  of  numerous  species  with 
naked  chrysalids,  show  that  they  take  on  the  color,  or  a  shade 
resembhng  it,  of  the  substance  surrounding  these  larvte.  They 
show  also  that  the  result  is  due  to  a  stimulus  of  the  skin  by  the 
enclosing  color,  and  not  to  a  stimulus  received  through  the 
eyes,  and  carried  to  the  skin  by  the  nerves,  Ijarvic  just  rcadv 
to  puimtc  were  enclosed  in  boxes  lined  with  paper  of  different 
colors;  the  clirj'salids  when  formed  were  found  to  be  colored  to 
harmonize  with  that  particular  shade  of  paper  by  which  they 
were  surrounded  while  pupating.  As  these  chrysahds  in  nature 
hang  ex|)o.se{l  on  bark  and  in  oHier  unsheltered  places,  without 
protecting  cocoon  or  cover  of  .iny  kind,  the  actual  protective 
value  of  this  harmonious  coloration  is  obvious.  It  is  a  familiar 
fact  to  entomologists  that  most  butterfly  chrysalids  and  naked 
pupie  of  mothfl  (unless  concealed  in  the  ground  or  elsewhere) 
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butterfly.  Papiiio.  whi> 


resemble  in  color  and  general  external  appearance  the  surface 

of  the  object  on  which  they  rest.     The  chrysalids  of  various 

PapUios  are  indeed  marvelously 

faithful     imitatioiui    of     bits    of 

rough  bark  (Fig.  250). 

The    larvje    (caterpillars)    of 

various  moths,  particularly  Geo- 

metrid    and     Sphingid     species, 

often  appear  in  two  color  types, 

one  brown  and  the  other  green. 

Foulton   has   shown    by   experi- 
ment and  observation  nith  some 

of  these  species  that  those  larvffi 

reared   among  green   leaves  and 

twigs  become  green,  while  those 

on  dry  branches  become  brown. 

Ttiis    variable   protective   resemblance,  like  that  of  Trimero- 

tro-pis,  GalgiUus,  and  the  Papiiio  chrysalids,  also  is  fixed  after 
being  once  acquired. 

An  interesting  example  of 
color  harmony  which  may  be 
classified  under  the  head  -  of 
variable  protective  resem- 
blance is  that  of  the  larvie  of 
Lycirna  sp.,  abundant  on  the 
flower  heads  of  the  California 
buckeye,  ^andua  caiifomicuft, 
that  blooms  in  May.  The  buds 
of  the  buckeye  are  green,  or 
green  and  rose,  or  even  all 
rose  externally.  The  quiet 
bliiglike  I-ycwnid  larvie  lie 
longitudinally  along  the  buds 
and  their  short  stems,  and 
are  either  green  with  faint 
rose  tinge,  especially  along 
the  middle  of  the  back,  or 
are  distinctly  rosy  all  over, 
depending   strictly   uiJon    the 

color  tone  of  the  particular  branch  serving  as  their  habitat. 

Tlie  correspondence  in  shade  of  cohir  is  strikingly  exact:  the 
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Utter  indistinguishability  of  the  larv»  is  something  that  needs 
to  be  experienced  to  be  fairly  realized. 

Far  more  striking  are  those  cases  of  protective  resemblance 
in  which  the  animal  re- 
sembles in  color  and  shape, 
sometimes  in  extraordi- 
nary detail,  some  partic- 
ular object  or  part  of  its 
usual  environment.  Cer- 
tain parts  of  the  Atlantic 
Ocean  are  covered  with 
great  patches  of  seaweed 
called  the  Gulf  weed  (Sar- 
gassum),  and  many  kinds 
of  animals  —  fishes  and 
other  creatures — live  upon 
and  among  the  algse.  No 
one  can  fail  to  note  the 
extraordinary  color  resem- 
blances which  exist  be- 
tween these  animals  and 
the  weed  itself.  The  gulf 
weed  is  of  an  olive-yellow 
color,  and  the  crabs  and 
shrimps,  a  certain  flat- 
worm,  a  certain  moUusk, 
and  certain  little  fishes, 
all  of  which  live  among 
the  Sargassiim,  are  exactly 
of  the  same  shade  of  vel- 
low  as  the  weed,  and  have 
small  white  markings  on 
their  bodies  which  are 
characteristic  also  of  the 
Sargassum.  The  mouse- 
fish  and  the  little  sea- 
hors(»s,   often   attached   to 

the  (Inlf  w(»ed,  show  the  same  traits  of  coloration  (Fig.  252). 
The  .sIeii<l(T  gniss-green  caterpillars  of  many  moths  and  butter- 
flies resemble  very  ch)sc»ly  the  thin  grass  blades  among  which 
they  Uve.    The  larvaj  of  the  geometrid  moths,  called  inchworms 


Fio.  253. — A  Geometrid  larva  on  a  branch. 
(The  larva  in  the  upper  right-hand  projection 
from  the  twig.) 
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or  spanworms,  are  twiglike  in  appearance,  and  have  the  hatut. 

when  disturbed,  of  standiog  out  stiffly  from  the  twig  or  brancb 

"»H)n  which  they  rest,  so  as  to  resemble  in  position  as  well  as 

color  and  markings  a  short  or  a  broken  twig.     One  of  the 


Dial*. 


most  striking  resemblances  of  (his  sort  is  shown  by  the  lai^ 
geomctriil  larva  ilhistratod  in  Fig.  2-'>;t,  which  was  found  near 
Itliaca.  New  York.  The  body  of  this  caterpillar  has  a  few  small, 
irrcgtiliir  s|k»Is  nr  htim|>s.  rcsemhlinfi  very  closely  tho  scars  left 
by  fallen  Iniiis  or  twigs.  These  ciitcrpilhirs  have  a  special  mus- 
cular development  to  enable  tbem  tn  hold  themselves  rigidly 
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for  long  times  in  this  trying  attitude.  They  also  lack  the 
middle  proplegs  of  the  body,  common  to  other  lepidopterous 
larvie,  the  presence  of  which  would  tend  to  destroy  t)ic  illusion 
so  successfully  carried  out  by  them.  The  common  walking 
stick  (Dmpheromera)  (Fig.  254),  with  its  wingless,  greatly 
elongate,  dull-colored  body,  is  an  excellent  example  of  special 
protective  resemblance.  It  is  quite  indistinguishable,  when  at 
rest,  from  the  twigs  to  which 
it  is  clinging.  Another  member 
of  the  family  of  insects  to  which 
the  walking  stick  belongs  is  the 
famous  green-leaf  insect  (Phyl- 
Uum)  (Fig.  256).  It  is  found 
in  South  America  and  is  of 
a  bright  green  color,  with  broad 
Icafltkc  wings  and  body  with 
markings  which  imitate  the  leaf 
veins,  and  small  irregular  yel- 
lowish s]Kits  which  mimic  decay- 
ing or  stained  or  fungus-covered 
s]M>ts  in  the  leaf. 

There  are  many  butterflies 
that  resemble  dead  leaves.  All 
our  common  meadow  browns 
(Grajita) ,  brown  and  reddish 
but  terflics  with  ragged  -  edged 
wings,  that  appear  in  the  autumn 
and  flutter  aimlessly  about  ex- 
actly   like    the     falling    leaves, 

show  this  rpseml>lancc  Rut  most  remarkable  of  all  is  a  large 
iiutterdy  (Kalllmo)  (Fig.  257)  of  the  East  Indian  region.  The 
iipjicr  sides  of  the  wings  are  dark,  with  purplish  and  orange 
markings,  not  at  all  resembling  a  dead  leaf.  But  the  buttor- 
flios  when  at  rest  hold  their  wings  together  over  the  back, 
BO  tliat  only  the  under  sides  of  the  wings  are  exi>ose<l.  The 
nnder  siili's  of  Kallima'ti  wings  are  exactly  the  color  of  a  dead 
and  ilricil  leaf,  anil  tlie  wings  are  so  held  thiit  all  eomliine  to 
mimic  with  extriumiiniiry  lidelily  a  di-ad  li-iif  still  :illiirht-d  to 
the  Iwig  by  a  short  iMiiie'le  or  li-jif-.-italk  imitaled  by  !i  slinrt  tjill 
on  the  hin<l  win^s.  and  showing  midrib,  nliliipie  veins,  and, 
most  remarkable  of  all,  two  apparent  liole.i,  like  those  made 
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in  leaves  by  insects,  but  in  the  butterflj'  imitated  by  two  FmAQ^ 
circular  spots  free  from  scales  and  hence  clear  and  transparent,  I 
With  the  head  and  feelers  concealed  beneath  the  wings,  it  makes  J 

the  resemblance  wonderfully  exact. 


Tl«e  moths  of  tlie  genus  Cymatapkora,  and  iheir  lar^sr  also, 
mostly  harmonize  excellently  with  the  gray  bark  on  which  they 
rest,  the  moths  adding  to  their  general  simulation  the  curious 
habit  of  resting,  often  with  folded  wings,  at  an  angle  of  forty- 
five  degrees  with  the  tree  trunk,  head  downward,  with  the  j 
curiously  bluot  and  uneven  ning  tijis  projecting,  so  as  to  imitate  J 
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with  great  fidelity  a  short  broken- 
off  branch  or  chip  of  bark.  Nu- 
merous other  moths  and  caterpil- 
lars resemble  bark  and  habitually 
rest  on  it.  Calocala,  Sckizura, 
and  other  genera  fumifib  ex- 
amples familiar  to  the  moth  col- 
lector. 

There  are  numerous  instances 
or  special  protective  resemblance 
among  spiders.  Many  spiders 
that  live  habitually  on  tree 
trunks  resemble  bits  of  bark  or 
small,  Irregular  masses  of  lichen. 
A  whole  family  of  spiders,  which 
live  in  flower  cups  lying  in  wait 
for  insects,  are  white  and  pink 
and  particolored,  resembling  the 
markings  of  the  special  flowers 
frequented  by  them.  This  is,  of 
course,  a  special  resemblance  not 
so  much  for  protection  as  for  ag- 
gression; the  insects  coming  to 
visit  the  flowers  are  unable  to 
distinguish  the  spiders  and  fall 
an  easy  prey  to  them. 

Any  fleld  student  of  insects, 
by  paying  attention  to  the  matter  of  special  protective  resem- 
blance, cpn  soon  make  up  a  striking  list  of  examples.  Some 
of  Ihesr  may  be  more  convinring  to  him  than  to  persons  see- 
ing his  specimens 
in  the  collecting 
boxes,  and  some 
indeed  will  prob- 
ably be  ques- 
tioned by  closet 
naturalists.  But 
nevertheless  nn 
collec.tor  or  field 
student  has 
failed    to   nole 


Fio. 268.- 

Ioiif«.lrom  lJ»  Eut  IdiIm,  whiph 
nau  on  tb«  bnnehn  of  ■  buih  n- 
•amblina  tba  nmrinuh.  Ihe  1«rM 
of  which  an  eloHly  umulaMd  by 
Ihe  body  o[  tha  iiuaet.  (Atlcr 
Slurp.) 
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tmuiT  cxamplM  at  thia  drwr  artifice  ol  Sum  to  prnCcct 
rhildnrti. 

If  Ihi?  (veld  stwlMil  may  tn*  rHjni  txi  m  noli!  ami  record  a 
b^n^  G«t  of  insrrt*  eoloml  wtd  marked  so  as  to  hannoaize  wrfl 
with  Ihdr  general  enrirooineot  or  «ith  aotne  specific  p&rt  iif  it, 
he  tnajr  also  be  r^ed  on  to  bring  in  a  list  of  opposites:  a  reranl 
nf  Inxarre  and  oooBpicunua  fortns,  rolored  with  brilliant  bluc« 
and  grccTM  and  atreaked  and  spotted  in  a  manner  iiltprh-  dl 
variance  and  in  contraKt  with  the  fotia^  or  noit  or  bark  or  wtuir- 
fwr  a  the  tiMtuil  env-inmiiw'nl  of  the  insert.  Tlie  crvat  ml- 
hmwn  niimareh  btittrrlly  and  iU  liliick-stritied  (cn-^n  anil 
yeltowiflh  liir\'a,  llw  tiger-bended  swalluniaib,  the  black  am) 


.Jt^ 


%  » 


I'll,.  l''HI.     l-mlyliiril  IhviIfii,  PDiuincuously  cularsl  uiil  niwknl. 

yHlitw  witwiw  Hiiii  Ix'CH,  the  ladyliird  Ixvllps  with  their  sharply 
contraxlitiK  colora,  t!ip  brilliant  greon  blister  beetles,  the  stn)Mi] 
and  fipolleii  ehrysonw'lida  —  in  all  these  and  many  others 
there  cnn  Ik-  no  talk  of  protoclive  resemblaiipe.  If  only  surh  a 
{mradnxical  tlu-ory  as  proleetive  conspicnousness  could  he 
rutiiblisticil,  tlien  thrnc  colorH  and  markings  might  well  Ir 
explnino<l  by  il. 

I'^tftctly  micli  an  r\pliiiiatinn  of  brilliant  color  and  contract- 
injt  murkin^tfi  is  afforded  by  the  theory  of  warning  i-olors.  It 
tiaa  U-eu  wnidiiaivdy  shown,  by  observation  and  exprriinrnl 
by  wvcnvl  niitnnilists.  that  many  insects  are  distasteful  to 
birdH,  lizards,  and  other  i)redaceous  enemies.  This  is  so  lie- 
ORiine  till'  bliMtd  lympli  or  some  sjieciftUy  secreted  l>ody  fluid  irf 
the(H>  inwciH  contains  an  acrid  or  ill-tasting  substance  so  that 
birdrt  will  not,  if  they  can  ri-eugniEe  the  kind  of  insert,  make 
liny  ntlunipt  to  catch  oi-  cat  one.     This  letting   alone  ix  ub- 
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doiibtedly  the  result  of  previously  made  trials;  that  is,  it  has 
been  learned  by  experience.  Now  it  would  obviously  be  of 
advantage  to  those  species  of  insects  that  are  ill-tasting,  if 
their  coloring  and  pattern  were  so  distinctive  and  conspicuous 
as  to  make  them  readily  known  by  birds,  and  once  learned 
easily  seen.  A  distasteful  caterpillar  needs  to  advertise  its 
unpalatability  so  effectively  that  the  swooj)ing  bird  will  recog- 
nize it  before  making  that  single  sharp-cutting  stroke  or  peck 
that  would  be  as  fatal  to  a  caterpillar  as  being  wholly  eat^n. 
Hence  the  need  and  the  utility  of  warning  colors.  And  indeed 
the  distasteful  insects,  as  far  as  recognized,  are  mostly  of  con- 
spicuous colors  and  patterns. 

Such  warning  colors  are  presumably  possessed  not  only  by 
unpalatable  insects,  but  also  by  many  that  have  certain  special 
means  of  defense.  The  wasps  and  bees,  provided  with  stings, 
dangerous  to  most  of  their  enemies,  are  almost  all  conspicu- 
ously marked  with  yellow  and  black.  Many  bugs,  well  defended 
by  sharp  beaks,  possess  a  conspicuous  color  pattern. 

Numerous  other  animals  besides  insects  also  are  believed 
to  have  warning  colors.  The  Gila  monster  (Jleloderma)^  the 
only  poisonous  lizard,  differs  from  most  other  lizards  in  being 
strikingly  j)attemed  with  black  and  brown.  Some  of  the  ven- 
omous snakes  are  conspicuously  colored,  as  the  coral  snakes 
(Elaps)  or  coralillos  of  the  tropics.  The  naturalist  Belt,  whose 
observations  in  Nicaragua  have  added  much  to  our  knowledge 
of  tropical  animals,  describes  as  follows  an  interesting  example 
of  warning  colors  in  a  species  of  frog: 

"In  the*  woods  around  Santo  Domingo  (Nicaragua)  there  are  many 
frops.  Some  are  green  or  brown  and  imitate  px^nm  or  dead  loaves, 
and  livo  amoiip:  foliage.  Others  are  dull  earth-colored,  and  hide  in 
holrs  or  uiuhT  lop<.  All  them*  come  out  only  at  nijrht  to  f(H*(l,  and  they 
arc  all  proyc'd  upon  by  snakes  and  birds.  In  contrast  with  these*  o\y- 
scurcly  colorcMl  s|K»cie«,  another  little  froj;  hops  about  in  th<*  daytime, 
dresscul  in  a  bright  livory  of  red  and  blue.  He  cannot  Ik*  mistaken  for 
any  other,  and  his  flaming  breast  and  blue  stockinp*  show  that  he  d(x?8 
not  court  concealment.  He  is  very  abundant  in  the  damp  woo<ls,  and 
I  was  conviiice<l  he  was  uiieatal>Ie  so  s<M)n  as  1  made  his'ac(|uaintance 
and  siiw  th(»  happy  sens<*  of  s<»curity  with  which  \w  hopiMMJ  about.  I 
took  a  few  siwcimens  home  with  me,  and  trie<l  my  fowls  and  ducks 
with  them,  but  none  would  touch  them.     At  la.st,  by  throwing  down 


418 


EVOLUTION  AND  ANIMAL  LIFE 


pieces  nf  meat,  for  which  there  was  a  great  competition  among  them, 
I  managed  to  entice  a  young  duck  into  snatching  up  one  of  the  little 
frogs.  Instead  of  swallowing  it,  however,  it  iustantly  threw  it  out  of 
its  mouth,  and  n-ciit  about  jerking  its  head,  as  if  trying  to  throw  oS 
some  unpleasant  taste." 

Certain  other  insects  which  are  without  special  means  of 
defense  and  are  not  at  all  formidable  or  dangerous,  are  yet  so 
marked  or  shaped  and  so  behaved  as  to  present  a  curiously 
threatening  appearance.  The  large  green  caterpillars  of  the 
sphinx  moths  have  a  curious  rearing-up  habit  which  seetns  to 
simulate  threatene<l 
attack  (Fig.  261). 
They  have,  too,  a 
great  pointed  spine 
or  horn  on  the 
back  of  (he  pos- 
terior   lip    of    the 

!■„- .2(11,— A  "mbaooo-worm,"  larvaol  IhpBnhiniinoIli,      bodv    whlch    haS    a 

PhiierAaniiuiriiroiiiia.thawiat  iwtifymg iiiitude.  most  formidable 
appearance,  but  is, 
as  a  matter  of  fact,  not  at  all  a  weapon  of  defense,  being  quite 
harmless.  Numerous  stingless  insects,  when  disturbed,  VAve 
about  the  hind  part  of  the  body  or  curl  it  over  or  under,  much 
as  stinging  insects  do,  and  seem  to  be  threatening  to  sting. 
The  striking  eye  spot*  of  many  insects  are  believed  by  some 
entomologists  to  be  of  the  nature  of  terrifying  markings.  Mar- 
shall tried  feeding  baboons  a  full-grown  larva  (about  seven 
inches  long)  of  the  sphinx  moth,  Chwrocavipa  osi'rw.  The 
larva  has  large  strongly  colored  eye  spots  and  is 

"  remarkably  snakelikc,  the  general  coloring  somewhat  recalling  that 
of  the  common  puff-adder,  BUU  arietajtg.  The  female  balKMin  ran  for- 
ward exi>ecting  a  titbit,  but  when  she  saw  what  I  had  brou^t  she 
flicked  it  out  of  my  hand  on  to  the  ground,  at  the  same  time  jumping 
bock  suspiciously :  she  then  approached  it  very  cautiously,  and  after 
peering  carefully  at  it.  at  the  distance  of  about  a  foot  she  withdrew  in 
alarm,  l>cing  clearly  much  inipreased  by  the  large  blue  eyclikc  mark- 
ings, The  male  baboon,  which  has  a  much  more  nenoiis  tempera- 
ment, had  meanwhile  remained  at  a  distance  surveving  the  procfywlinp^ 
so  I  picked  up  &  caterpillar  and  brought  it  towards  them,  but  they 
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would  not  let  me  approach,  and  kept  running  away  round  and  round 
their  pole,  so  I  threw  the  insect  at  them.  Their  fright  was  ludicrous 
to  see ;  with  loud  cries  they  jumped  aside  and  clambered  up  the  pole  as 
fast  as  they  could  go,  into  their  box,  where  they  sat  peering  over  the 
edge  watching  the  uncanny  object  below."     (Marshall.) 

Marshall  also  writes  concerning  the  markings  on  the  wings 
of  the  mantis,  Psetidocreobotra  waMbergi : 

"  They  are,  I  think,  almost  certainly  of  a  terrifying  character.  When 
the  insect  is  irritated,  the  wings  are  raised  over  its  back  in  such  a 
manner  that  the  tegmina  stand  side  by  side,  and  the  markings  on  them 
present  a  very  striking  resemblance  to  the  great  yellow  eyes  of  a  bird 
of  prey  or  some  feline  animal,  which  might  well  deter  an  insectivorous 
enemy.  It  is  noticeable  that  the  insect  is  always  careful  to  keep  the 
wings  directed  toward  the  point  of  attack,  and  this  is  often  done  with- 
out altering  the  position  of  the  body." 

Still  another  iise  is  believed  by  some  entomologists  to  be 
afforded  by  such  markings  as  ocelli  and  other  specially  con- 
spicuous spots  and  flecks  on  the  wings  of  butterflies  and  moths, 
and  by  such  apparently  useless  parts  as  the  "tails''  of  the  hind 
wings  of  the  swallowtail,  and  Lyccenid  butterflies,  and  others. 
Marshall  occupied  himself  for  a  long  time  with  collecting  butter- 
flies which  had  evidently  been  snapped  at  by  birds  (in  some 
cases  the  actual  attack  being  observed)  and  suffered  the  loss  of 
a  part  of  a  wing.  Examining  these  specimens  when  brought 
together,  Poulton  and  Marshall  noted  that  the  "great  majority 
[of  these  injuries  to  the  wings]  are  inflicted  at  the  anal  angle 
and  adjacent  hind  margin  of  the  hind  wing,  a  considerable 
number  at  or  near  the  apical  angle  of  the  fore  wing,  and  com- 
paratively few  between  the  points."  In  this  fact,  coupled  with 
the  fact  that  the  apical  and  hind  angles  of  the  fore  and  hind 
wings  respectively  are  precisely  those  regions  of  the  wings  most 
usually  sj)ecially  marked  and  prolonged  as  angular  processes  or 
tails,  Poulton  sees  a  special  signiflcance  in  the  patterns  of  these 
wing  parts.  He  thinks  they  are  "directive  marks  which  tend 
to  divert  the  attention  of  an  enemy  from  more  vital  parts." 
It  is  obvious  that  a  butterfly  can  very  well  afford  to  lose  the 
tip  or  tail  of  a  wing  if  that  loss  will  save  losing  head  or  abdomen. 
Poulton  sees  a  "remarkable  resemblance  of  the  marks  and 
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stnirturi«  lit  the  nniJ  unglr  of  the  hiiui  wing,  under  side,  i 
ai&ay  l.ycrrnida-,  to  a  head  with  antenna*  and  eyea,"  and  r 
tlijit  this  hiMi  bii'M  inile[>f'n(k'ntly  mitired  by  many  other  oIm 
("ervcra.    The  movements  of  the  hind  wiiifis  i)y  \vliich  Ihe  twlaj 
which  npiiear  like  aiitennii!,  are  nmde  coQtimuUly  to  pasG  a 
re|>ass  each  other,  add  greatly  to  this  resemblance. 

\'cry  many  sp<-oics  of  animals,  especially  among  the  verte- 
brntoK,  jMi-tsess  rcrtain  distinctive  and  striking  markings,  whid 


IkM  <^M  B*> 


have  been  supposed  to  j«r\T  as  rrco^tioQ  marks  to  t 
■miwulg  of  the  same  spteite.     In  Uiis  iheon*,  these  marks  a 
a  swift   means  of   knowinf;   friends  from   raemies.     Of   i 
natun-  arc  the  while  lufls  at   the  tail  of  the  eottuatail  r, 
Ibe  black  patdi  of  Ibe  Uacktat!  <k«r.  the  Saaks  of  l 
MooDtain  anlrhipe.  Ibe  KoeeaM  anrivC  enat  if  t 
ibe  berv  sbouUer  ct  Uw  mhnag  bkwUvd.  the  lii 
o(  tbe  dvcfc,  th*  fabek  bars  aad  eye  spots  of  A*  b 
<Cb«liriM).  and  tbe  pecofiar  aarfe  vi  oae  lam 
■Ml  a  bont  nf  BttMunafev  fainb.  Rp*a«.  aad  bbes. 

h JB wfT eaprlo mifipate wwyHtJMi marioL.  KMler,4 
t^os.  bi0  ptTtt  «B  dafaotafee  ba  of  tbe  pnM^al «       "* 
larde^  and  tberc  »  scamiy  1 
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more.  Nevertheless  we  are  not  sure  that  many,  or  even  any 
of  them,  actually  serve  the  purpose  of  recognition  among  the 
animals  themselves,  however  convenient  they  may  be  to  us 
who  study  them.  However  plausible  the  theory  of  recognition 
marks  may  seem,  it  is  still  not  proved  to  have  any  objective 
basis. 

Of  all  the  theories  accounting  for  the  utility  of  color  and 
pattern,  that  of  mimicry  demands  at  first  thought  the  largest 
degree  of  credulity.  As  a  matter  of  fact,  however,  the  observa- 
tion and  evidence  on  which  it  rests  are  as  convincing  as  are  those 
for  almost  any  of  the  other  forms  of  protective  color  pattern. 
Although  the  word  "mimicry"  could  often  have  been  used 
aptly  in  the  accoimt  of  special  protective  resemblance,  it  has 
been  reserved  for  use  in  connection  with  a  specific  kind  of 
imitation;  namely,  the  imitation  by  an  otherwise  defenseless 
insect,  one  without  poison,  beak,  or  sting,  and  without  acrid 
and  distasteful  body  fluids,  of  some  other  specially  defended  or 
inedible  kind,  so  that  the  mimicker  is  mistaken  for  the  mimicked 
form  and,  like  this  defended  or  distasteful  form,  relieved  from 
attack.  Many  cases  of  this  mimicry  may  be  noted  by  any 
field  student  of  entomology. 

Buzzing  about  flowers  are  to  be  found  various  kinds  of  bees, 
and  also  various  other  kinds  of  insects  thoroughly  beelike  in 
appearance,  but  in  reality  not  bees  nor,  like  them,  defended 
by  sting.  These  bee  mimickers  are  mostly  flies  of  various 
families  (Syrphidee,  AsUidie,  Bmnhyliidiv)  y  and  their  resem- 
blance to  bees  is  sufficient  to  and  does  constantly  deceive 
collectors.  We  presume,  then,  that  it  etjually  deceives  birds 
and  other  insect  enemies.  Wasps,  too,  are  mimicked  by  other 
insects;  the  wasplike  flies,  Conoj)idu\  and  some  of  t!ie  clear- 
winged  motlis,  Sesiidic  are  extremely  wasplike  in  general 
seeming. 

The  dista.steful  monarch  butterfly,  An/ysia  plexippus,  wide- 
spread and  abundant — a  successful  butterfly,  wliose  succ(»ss 
undoubtedly  largely  dejx*nds  on  its  inedibility  in  both  larval  and 
imaginal  stages — is  mimicked  with  extraordinary  fidelity  of  detail 
by  the  viceroy,  Basilarchia  archippus  (Fig.  263).  T!ie  Basil- 
archias,  constituting  a  genus  of  numerous  s{H»cies,  are  with  hut 
two  or  three  exceptions  not  at  all  of  the  color  or  pattern  of 
Anonia,  but   in  the  case  of  the  particular  s{>eci(»s  archippua, 

not  only  the  rcnj-brown  ground   color,   but   the  fine   pattern 
2b 
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Fiti.  !f«.— Th«  mimiplimg  -f  it>r  inMllt.te  moniirrh  liiiUMfiy  hv  tbr  »>lih)t  n 
(gnu*.  fiufilanAM.Miho*  llMiwUBl(vkirtHtil*.iiiil  ihc  ipaeia*  ut  <ha  ■■ 
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details  in  black  and  whitish,  copy  faithfully  the  details  in  Anosia; 
only  in  the  addition  of  a  thin  blackish  line  across  the  discal  area 
of  the  hind  wings  does  archippus  show  any  noticeable  difference. 
The  viceroy  is  believed  not  to  be  distasteful  to  birds,  but  its 
close  mimicry  of  the  distasteful  monarch  undoubtedly  leads 
to  its  being  constantly  mistaken  for  it  by  the  birds  and  thus 
left  unmolested. 

The  subject  of  mimicry  has  not  been  studied  largely  among 
the  insects  of  our  country,  but  in  the  tropics  and  subtropics 
numerous  striking  examples  of  mimetic  forms  have  been  noted 
and  written  about.  The  members  of  two  large  families  of  butter- 
flies, the  Danaidse  and  Heliconidse,  are  distasteful  to  birds, 
and  are  mimicked  by  many  species  of  other  butterfly  families, 
especially  the  Pieridse,  and  by  the  swallowtails,  Papilionidse. 
Many  plates  illustrating  such  cases  have  been  published  by 
Poulton  and  Marshall,  Haase,  Weismann,  and  others.  Shelf ord, 
in  an  extended  account  of  mimicry  as  exemplified  among  the 
insects  of  Borneo,  refers  to  and  illustrates  many  striking  ex- 
amples among  the  beetles,  the  Hemiptera,  Diptera,  Orthoptera, 
Neuroptera,  and  moths;  distasteful  Lycid  beetles  are  closely 
mimicked  by  other  beetles,  by  Hemiptera,  and  by  moths; 
distasteful  ladybird  beetles  are  mimicked  by  Hemiptera, 
Orthoptera,  and  by  other  beetles;  stinging  Hymenoptera  are 
mimicked  by  stingless  Hymenoptera,  by  beetles,  flies,  bugs, 
and  moths.  Poulton  and  Marshall,  in  their  account  of  mimicry 
among  South  African  insects,  publish  many  colored  plates 
reveaUng  most  striking  resemblances  l)etween  insects  well 
defended  by  inedibility  or  defensive  weapons,  and  their  mim- 
ickers.  Our  space  unfortunately  prevents  any  specific  con- 
sideration of  these  various  interesting  cases. 

The  special  conditions  under  which  mimicry  exists  have  been 
seriously  studied  and  are  of  extreme  interest.  It  is  obvious  that 
the  inedible  or  defended  mimicked  form  must  be  more  abundant 
than  the  mimicker,  so  that  the  experimenting  young  bird  or 
Uzard  may  have  several  chances  to  one  of  getting  an  ill  taste 
or  a  sting  when  he  attacks  an  insert  of  certain  type  or  pattern. 
This  requirement  of  relative  abundance  of  mimicker  and 
mimicked  seems  actually  met,  as  proved  by  ohscTviition.  In 
some  cases  only  females  of  a  species  indulge  in  mimicry,  tlu* 
males  lieing  unmodified.  This  is  (explained  on  tlie  ground  of 
the  particular  necessity  for  protection  of  the  egg-laden,  heavy- 
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ived,  and  hence  more  exposed  females,  as  corupain] 
titer,  swifter,  short-lived  males. 
F-^en  found  that  individuals  of  a  single  species  may 
«      al  different  species  of  defended  insects,  this  jioly- 
f  pattern  existing  in  different  localities,  or  indrrd 
e  one.     Marshall  IjelJeves  that  seasonal  polychroraal- 
L,.  i»;rtain  butterfly  species  is  associated  with  the  miniirry 
rtain  defended  butterflies  of  different  s|3eeie«,  these  diflfertnt 
jies  appearing  at  different  times  of  the  year. 
It  is  needless  to  say  that  such  liypothcses  and  theoriee  -rf 
I  utility  of  color  and  pattern  have  been  subjected  to  niueh 
iam,  both  adverse  and  favorable.    The  necessity  for  limiting 
ts  within  the  working  range  of  efficient  causes  has  been 
toundest  basis,  in  our  judgment,  for  the  adverse  criticijtm 
"le   theories   of   special   protective   resemblance,    warnit^ 
,  and  mimicry.     Until  recently  most  of  the  obser^'atiniu 
iiich  the  theories  are  ba.sed  have  been  simply  observations 
,..u..n(j;  tlie  existence  of  remarkable  similarities  in  api>f'aran('c  or 
equally  striking  contrasts  and  trizarrerie.    The  usefulness  of 
these  similarities  and  contrasts  had  been  deduced   logically, 
but  not  proved  experimentally  nor  by  direct  observation.    In 
recent  years,  however,  a  much  sounder  basis  for  these  theories 
has  been  laid  by  experimental  work.     There  is  now  on  record 
a  large  amount  of  strong  evidence  for  the  validity  of  the  hypoth- 
esis   of    mimicry.      Certainly  no  other  hypothesis  of    equal 
validity  with  that  of  protective  resemblance  and  mimicry  has 
been  proposed  to  explain  the  numerous  striking  cases  of  similar- 
ity and  the  significant  conditions  of  life  accompanying  the  ex- 
istence of  the.se  cases,  which  have  been  recorded  as  the  result 
of  much  laborious  and  indefatigable  study  by  certain  naturalists. 
Plateau  and   Wheeler  have  tasted  so-called   inedible  and 
distasteful  insects  and  found  nothing  particularly  disagreeable 
about  them.     But  as  Poulton  suggests,  the  question  is  not  as 
to  the  palate  of  Plateau  and  Wheeler  nor  of  any  tnan ;  it  concerns 
the  taste  of  birds,  lizards,  etc.     Better  evidence  is  that  afforded 
by  actual  observation  of  feeding  birds  and  lizards;  of  experi- 
mental offering  under  natural  conditions  of  alleged  distasteful 
insects  to  their  natural  enemies.     Marshall's  observations  and 
experiments   on   the   point   are  suggestive  and   undoubtedly 
reliable.     Much  more  work  of  the  same  kind  is  neede<l. 

The  efficient  cause  for  bringing  color  and  pattern  up  to  such 
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a  high  degree  of  specialization  has  been  assumed,  by  nearly  all 
upholders  of  the  use  hypotheses,  to  be  natural  selection.  This 
agent  can  account  for  purposefulness,  wliich  is  obviously  an 
inherent  part  of  all  the  hypotheses.  And  no  other  suggested 
agent  can.  Weismann  makes,  indeed,  of  this  fact,  by  inverting 
the  problem,  one  of  the  most  effective  arguments  for  the  potency 
and  " Allmachi**  of  natural  selection.  He  declares  that  the 
existence  of  special  protective  resemblance,  warning  colors, 
and  mimicry  proves  the  reality  of  selection.  But  it  must  be 
asked,  while  admitting  the  cogency  of  much  of  the  argument 
for  natural  selection  as  the  efficient  cause  of  high  speciaHzation 
of  color  and  pattern  as  we  have  seen  it  actually  to  exist,  how 
such  a  condition  as  that  shown  by  the  mimicking  viceroy  butter- 
fly has  come  to  be  gradually  developed — ^gradual  development 
being  confessedly  selection's  only  mode  of  working.  Could  the 
viceroy  have  had  any  protection  for  itself,  any  advantage  at  all, 
until  it  actually  so  nearly  resembled  the  inedible  monarch  as 
to  be  mistaken  for  it?  No  slight  tinge  of  brown  on  the  black 
and  white  wings  (the  typical  color  scheme  of  the  genus),  no 
slight  change  of  marking,  would  be  of  any  service  in  making 
the  viceroy  a  mimic  of  the  monarch.  The  whole  leap  from 
typical  Basilarchia  to  (apparently)  typical  Anosia  had  to  be 
made  practically  at  once.  On  the  other  hand,  is  it  necessary 
for  KaUima,  the  simulator  of  dead  leaves,  to  go  so  far  as  it  has 
in  its  modification?  Such  minute  points  of  detail  are  there 
as  will  never  be  noted  by  bird  or  lizard.  The  simple  necessity 
is  the  effect  of  a  dead  leaf;  that  is  all.  Kallima  certainly  does 
that  and  more.  Kallima  goes  too  far  and  proves  too  much. 
And  there  are  other  cases  like  it.  Natural  selection  alone  could 
never  carry  the  simulation  past  the  iK)int  of  advantage. 

But  whatever  other  factors  or  agents  have  played  a  part  in 
bringing  about  this  sj^ecialization  of  color  and  pattern,  exem- 
plified by  animals  showing  protective  resemblances,  warning 
colors,  terrifying  manners,  and  mimicry,  natunl  selection  has 
undoubtedly  l^een  the  chief  factor,  and  the  basis  of  utility 
the  chief  foundation,  for  the  development  of  the  sjwcialized 
conditions. 
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■  forner  be  r«ii 
nor&nt  than  H  J 
i^oeieary  to  b>  I 
r  of  D&ture  if  1 


'e  live  in  a  world  which  is  full  of  misery  and  ifn^oranct*.  und  llw 
iity  of  each  and  oil  of  us  is  to  try  to  make  the  little  L-orncr  be  ru 
,«  somewhat  less  misenible  and  somewlmt  leas  ignor&nt  t 
ifore  he  entered  it.  To  do  this  effectually  it  b  neoeieary  t 
ossessed  of  two  beliefs — the  first,  that  the  order  c 
uinable  by  our  faeultiea  to  an  extent  which  is  prartioaUy  va- 
juuitt'd:  the  second,  ihat  our  volition  counts  for  something  as  a  coQiii- 
tion  of  the  course  of  events. 

Each  of  these  beliefs  can  be  veritied  experimentally  as  often  as  we 
like  to  try.  Each,  therefore,  stands  upon  the  strongest  foundation  i^mxi 
which  any  belief  can  rest,  and  forms  one  of  our  highest  truths.  If  we 
find  that  the  ascertainment  of  the  order  of  nature  is  facilitated  by  using 
one  terminology  or  one  set  of  symbols  rather  than  another,  it  is  our 
clear  duty  to  use  the  former;  and  no  harm  can  accrue  bo  long  u  we 
bear  in  mind  that  we  are  dealing  merely  with  terms  and  symbols.— 
Huxley. 

All  animals  of  whatever  d^ree  of  organization  show  in 
life  tlie  quality  of  irritability  or  response  to  external  stimulus. 
Contact  with  external  things  produces  some  effect  on  each  of 
them,  and  this  effect  seems  to  be  something  naore  than  the 
mere  mechanical  effect  on  the  matter  of  which  the  animal  is 
composed.  In  the  one-celled  animals,  the  functions  of  response 
to  external  stimulus  are  not  localized.  They  are  the  property 
of  any  part  of  the  protoplasm  of  the  body.  Just  as  breathing 
or  digestion  is  a  function  of  the  whole  cell,  so  are  sensation  and 
response  in  action.  In  the  higher  or  many-celled  animals 
each  of  these  functions  is  specialized  and  localized.  A  certain 
set  of  cells  is  set  ajmrt  for  each  function,  and  each  organ  or 
series  of  cells  is  released  from  all  functions  save  its  own. 
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In  the  more  highly  organized  animals  certain  cells  from  the 
primitive  external  layer  or  ectoblast  of  the  embryo  are  early 
set  apart  to  record  the  relations  of  the  creature  to  its  environ- 
ment. These  cells  are  highly  specialized,  and  while  some  of 
them  are  highly  sensitive,  others  are  adapted  for  carrying 
or  transmitting  the  stimuli  received  by  the  sensitive  cells,  and 
still  others  have  the  function  of  receiving  sense  impressions  and 
of  translating  them  into  impulses  of  motion.  The  nerve  cells 
are  receivers  of  impressions.  These  are  gathered  together  in 
nerve  masses  or  ganglia,  the  largest  of  these  being  known  as 
the  brain,  the  ganglia  in  general  being  known  as  nerve  centers. 
The  nerves  are  of  two  classes.  The  one  class,  called  sensory 
nerves,  extends  from  the  skin  or  other  organ  of  sensation  to 
the  nerve  center.  The  nerves  of  the  other  class,  motor  nerves, 
carry  impulses  to  motion. 

The  brain  or  other  nerve  center  sits  in  darkness  surrounded 
by  protecting  tissues  or  a  protecting  box  of  bone.  To  this  brain, 
nerve  center,  or  sensorium  come  the  nerves  from  all  parts  of 
the  body  that  have  sensation — the  external  skin  as  well  as  the 
special  organs  of  sight,  hearing,  taste,  smell.  With  these  come 
nerves  bearing  sensations  of  pain,  temperature,  muscular  effort — 
all  kinds  of  sensation  which  the  brain  can  receive.  These  nerves 
are  the  sole  sources  of  knowledge  to  any  animal  organism. 
Whatever  idea  its  brain  may  contain  must  be  built  up  through 
these  nerve  impressions.  The  aggregate  of  these  impressions 
constitutes  the  world  as  the  organism  knows  it.  All  sensation 
is  related  to  action.  If  an  organism  is  not  to  act,  it  cannot 
feel,  and  the  intensity  of  its  feeling  is  related  to  its  power  to  act. 

These  impressions  brought  to  the  brain  by  the  sensory 
nerves  represent  in  some  degree  the  facts  in  the  animal's  en- 
vironment. They  teacli  something  as  to  its  food  or  its  safety. 
The  power  of  locomotion  is  characteristic  of  animals.  If  they 
move,  their  actions  must  depend  on  the  indications  carried  to 
the  nerve  center  from  the  outside;  if  they  feed  on  living  organ- 
isms, they  must  seek  their  food ;  if,  as  in  many  cases,  other 
living  organisms  j)r(»y  on  thoni,  tliey  nuist  bestir  themselves 
to  escape.  The  impulse  of  hunger  on  the  one  hand  and  of  fear 
on  the  other  are  elemental.  Th(»  st^nsoriuin  hhumvos  an  im- 
pression that  food  exists  in  a  certain  direction.  At  once  an 
impulse  to  motion  is  sent  out  from  it  to  the  nmsclc*  ncc<»ssary 
to  move  the  body  in  that  direction.     In  the  higher  animals 
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lents  are  usually  more  rapid  and  more  oxart  than 
VK  ver  forms.  This  is  because  the  organs  of  spnw 
■Ctiuu,  the  sense  cells,  nerve  fibers,  and  muscles  are  all 
specialised.  In  the  starfish  sensation  is  slight,  nervous 
luucation  slow,  and  the  muscular  response  slug^h,  hut 
the  method  is  apparently  iIip 
same. 

But  in  recent  years  many 
biologisti)  have  come  to  Ix-licvi- 
that  much  of  the  behavior  of 
the  simplest  animals,  and  some 
of  the  actions  of  the  higher, 
are  controlled  in  a  more  rigidly 
mechanical  way  than  the  above 
statements  suggest;  that,  in  a 
word,  much  of  the  action,  and 
apparent  instinctive  or  intelb- 
gent  response  of  animals  to  ex- 
ternal conditions,  is  an  immedi- 
ate physicochemical  rathor  than 
vital  phenomenon ;  that  the 
animal  body  in  ils  relation  lo 
the  external  world  is  much 
more  like  a  passive,  senseless, 
although  very  complex,  ma- 
chine, stimulated  and  controlled 
by  external  factors  and  con- 
knJ  b«ckin<  »n.i  ncivsncinf  aoj  re-    ditjons,  than  like  the  percipient, 

pn.ir.flytuii.inm.liIllplonnhl.Bd  "l  , 

biciiing  .ml  ivivuirinK  uniii  posi-    determmmg,  purposeful  creature 

lioD  u  is  reathfti.    (Alter  Jeoninpi.)   that  OUT  usual  Conception  of  the 

organism  miikes  it  out  to  be. 

Clever  experimenters,  as  iMeb,  Lucas,  Rr.dl,  Bethe,  I'exkull. 

and  numerous  others,  believe  themselves  justified  in  explaining 

a  host  of  the  simpler  actions  or  modes  of  behavior  of  animals. 

on   a   thoroughly    mechanical    basis,    as   rigorous,    inevitable 

reactions  to  the  influence  or  stimulus  of  light,  heat,  contact, 

gravity,   galvanism,   etc.     Phototropism,   stereotropism.   geo- 

trojiism,  etc.,  are  the  names  given  to  these  phenomena  of  re- 

FjKinso  by  action  and  behavior  to  stimuli  of  light,  contact,  and 

gnivity  res[>ectively. 

Some  of  these  biologists  are  ready  to  carry  their  giving  up 
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of  other  than  mechanical  behavior  among  animals  to  great 
lengths.  I.»oeb  introduces  a  paper  written  in  1890  on  instinct 
and  will  in  animals  as  follows: 

''In  the  biological  literature  one  still  finds  authors  who  treat  the 
'  instinct '  or  the  *  will '  of  animals  as  a  circumstance  which  determines 
motions,  so  that  the  scientist  who  enters  the  region  of  animated  nature 
encounters  an  entirely  new  category  of  causes,  such  as  are  said  contin- 
ually to  produce  before  our  eyes  great  effects,  without  it  being  possible 
for  an  engineer  ever  to  make  use  of  these  causes  in  the  physical  world. 
'  Instinct'  and '  will'  in  animals,  as  causes  which  determine  movements, 
stand  upon  the  same  plane  as  the  supernatural  powers  of  theologians, 
which  are  also  said  to  determine  motions,  but  upon  which  an  engineer 
could  not  well  rely. 

*'My  investigations  on  the  heliotropism  of  animals  led  me  to 
analyze  in  a  few  cases  the  conditions  which  determine  the  apparently 
accidental  direction  of  animal  movements  which,  according  to  tradi- 
tional notions,  are  called  voluntary  or  instinctive.  Wherever  I  have 
thus  far  investigated  the  cause  of  such  'voluntary'  or  'instinctive' 
movements  in  animals,  I  have  without  exception  discovered  such 
circumstances  at  work  as  are  known  in  inanimate  nature  as  determi- 
nate movements.  By  the  help  of  these  causes  it  is  possible  to  control 
the  'voluntary'  movements  of  a  living  animal  just  as  securely  and 
unequivocally  as  the  engineer  has  been  able  to  control  the  movements 
in  inanimate  nature.  What  has  been  taken  for  the  effect  of  'will'  or 
'instinct'  is  in  reality  the  eflfect  of  light,  of  gravity,  of  friction,  of 
chemical  forces,  etc." 

But  Jennings,  a  very  careful  and  industrious  student  of  the 
behavior  of  the  protozoa,  whose  studies  have  been  perhaps  more 
detailed  and  prolonged  than  those  of  any  other  investigator  of 
the  same  subject,  closes  a  fascinating  volume  on  his  work  with 
the  following  paragraph : 

"The  j)rescnt  paper  may  be  considered  as  the  summing  up  of  the 
general  results  of  sc^voral  years'  work  by  the  author  on  the  behavior  of 
the  low<»Kt  organisms.  This  work  has  shown  that  in  those*  cn^atures  the 
lM*havior  is  not  as  a  nih*  on  the  tropism  plan — a  s<»t,  forced  method  of 
reacting  to  each  partirular  agent — but  tiikes  place  in  a  much  more 
flexible,  less  ciinM'tly  niachinelike  way,  by  the  method  of  trial  and 
error.    This  method  involves  many   of  the   fundamental   qualities 
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iri>ch  we  find  ia  the  bdwtior  oC  higbpr  animals,  yel  witli  the  maj^rtA 
tiMwhlt  kmas  in  wnye  of  Bction;  ft  great  portion  o/  the  b?h8%-i(ir  con- 
mt&ag  oftMi  ol  but  one  or  tiro  definite  mo\-ement8,  moveroente  that  ue 
Btn«oi>-ped  iu  their  notation  to  the  environment.  This  method  leads 
upwinl,  offeriog  at  ewerj-  punt  opportunity  for  deTplopmeot,  and 
Etrawin^  i\^i  in  the  unicelluliu-  organisms  what  must  be  considered  the 
b^mungB  of  inteUi^ncv  and  of  m&ny 
other  qualities  found  in  higher  animaU. 
Tn^c  aetion  doubtless  occura,  but  the 
main  bafds  of  beh]t\'ior  is  in  these  or- 
the  method  of  trial  and  error." 


Different  one-celled  animals  show 
differences  in  method  or  degree  of 
response  to  external  influences. 
Most  protozoa  will  discard  graim 
of  ssnd,  crystals  of  acid,  or  other 
indigestible  objects.  Stieh  peciUi- 
arities  of  different  foriii-s  of  life 
constitute  the  basis  of  instinct. 

Instinct  is  automatic  obedience 
to  the  demands  of  external  condi- 
tions. As  these  conditions  vary 
with  each  kind  of  animal,  so  must 
the  demand  vary,  and  from  this  arises  the  great  variety  actu- 
ally seen  in  the  instincts  of  different  animals.  As  the  de- 
mands of  life  become  complex,  so  may  the  instincts  become  so. 
The  greater  the  stress  of  environment,  the  more  perfect  the 
automatism,  for  impulses  to  safe  action  are  necessarily  adequate 
to  the  duty  they  have  to  perform.  If  the  instinct  were  inade- 
quate, the  species  would  have  become  extinct.  The  fact  that 
its  individuals  persist  shows  that  they  are  provided  with  the 
instincts  necessary  to  that  end,  Instmct  differs  from  other 
allied  forms  of  response  to  external  conditions  in  hang  hereditary 
and  continuous  from  generation  to  generation,  and  in  being 
common  to  the  species  and  not  characteristic  of  the  individual. 
This  sufficiently  di.itinguishesit  from  reason,  but  the  line  be- 
tv.-cen  instinct  and  reason  and  various  forms  of  reflex  action 
cannot  be  sharply  drawn. 

Some  writers   regard   instincts  as  "inherited  habit,"  while 
otliers,  with  apparent  justice,  doubt  if  mere  habits  or  voluntary 
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actionfi  repeated  till  they  become  a  "second  nature"  ever  leave 
a  trace  upon  heredity.  Such  investigators  regard  instinct  as 
tlic  natund  survival  of  those  methods  of  automatic  response 
which  were  most  useful  to  the  life  of  the  animal,  the  individuals 
having  less  effective  methods  of  reflex  action  having  perished, 
leaving  no  posterity. 

An  example  in  point  would  be  the  homing  instinct  of  the 
fur  seal.  When  the  arctic  winter  descends  on  its  home  in  the 
I'ribilof  Islands  in  Ber- 
ing 8oa,  these  animals 
take  to  the  open  ocean, 
many  of  them  swim- 
ming southward  as  far 
as  the  Santa  Barbara 
Islands  in  California, 
more  than  three  thou- 
sand nules  from  home. 
While  on  the  long 
swim  they  never  go 
on  shore;  but  in  the 
spring  they  return  to 
the  northward,  find- 
ing the  little  islands 
hidden    in    the   arctic 

fogs,  often   landing    on  shield..  publi.h«  of  "RecrMtion.-) 

the    very    s|>ot    from 

which  tliey  were  driven  by  the  ice  six  months  before,  and 
their  arrival  timed  from  year  to  year  almost  to  the  same 
day.  The  perfection  of  this  homing  instinct  is  vital  to  their 
life.  If  defective  in  any  individual,  he  would  l>e  lost  to  the 
herd  and  would  leave  no  descendants.  ThoHC  who  return  be- 
come parents  of  the  henl.  Aa  to  the  others  the  rough  sea 
tells  no  talcs.  We  know  that  of  those  that  set  forth  a  large 
percentage  never  come  hack.  To  those  that  return  the  homing 
instinct  has  provo<l  adc(|uate.  This  must  be  so  long  jw  the  race 
exists.  Tlie  failure  of  instinct  would  mean  the  extinction  of 
the  species. 

Tlie  instincts  of  animals  may  be  roughly  classified  as  to  their 
relation  to  the  individual  into  egoistic  and  altruistic  instincts. 

Egoistic  instinct.s  are  those  which  concern  chiefly  the  in- 
dividual animal  itself.     To  this  class  belong  the  instincts  of 
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feeding,  those  of  self-defense  and  of  strife,  the  instbcta  of  play. 

the  climatic  instincts,  and  environmental  instincts.  Diose  whirli 

direct  the  anrnm!'?  moHf  if  life. 

Altriiistio   ;;  '  M^c  which  relate  to  parenthood 

I  ihose  which  are  concerned 
ill  ihe  mass  of  individuaL'*  of 
;  111'  same  G|)ecics.  Tlie  Liltcr 
may  be  called  the  social  instincts. 
Ill  the  former  class,  with  the  in- 
siiiiets  of  pjirenthood.  may  be  in- 
diideil  the  inatincta  of  cniirtiship. 
rc|irodiietion,  home- ma  king.  nc»t- 
iiuilding.  and  care  for  the  young. 
The  instincts  of  l*eding  aif 
primitively  simple,  graving  com- 
)il>'X  through  complex  conditions. 
Tlie  protozoan  alj8orl«  smaller 
creatures  which  contain  nulri- 
[iicnt.  The  sea  anemone  closes 
its  tentacles  over  its  prey.  Tlie 
barnacle  waves  ita  feet  to  bring 
edible  creatures  within  its  mouth. 
The  fish  seizes  its  prey  by  direct 
motion.  The  higher  vertebrates 
in  general  do  the  same,  but  the 
conditions  of  life  modify  this 
simple  action  to  a  very  grett 
degree. 

In  general,  animals  decide  by 
reflex  actions  what  is  suitable 
food,  and  by  the  same  procvnam 
they  reject  [kiiimids  or  unsuitable 

IBOM  ui  ™  MTK  uy  me  iw.-  sul>stancts.  The  d<^  rejecu  an 
fomui  wfiodiwckw.  utanirprt  apple,  while  the  horse  reject*  a 
formuirory,     ^o.r^/.(.      (From  j  f    ^      ^         EllheT    wlll    tUfB 

|>)><>faBni|.h    taken    at    SunforU        f  ......  ., 

UDiTvniiy.  cuLfornia.}  awav  from  thc  Offered  stone.     Al- 

most all  animals  reject  poison* 
instantly.  Those  that  fail  in  this  regard  in  a  state  of  nature 
die  and  leave  no  desoemiants.  The  wild  vetches  or  "lo«>- 
weeds"  of  the  arid  regions  affect  the  nerve  centers  of  animals 
and  cause  dizziness  or  death.     The  native  ponies  reject  these 
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instinctively.  This  may  be  because  all  ponies  which  have  not 
this  reflex  dislike  have  been  destroyed.  The  imported  horse 
has  no  such  instinct  and  is  poisoned.  Very  few  animals  will 
eat  any  poisonous  object  with  which  their  instincts  are  familiar, 
unless  it  be  concealed  from  smell  and  taste. 

In  some  cases,  very  elaborate  instincts  arise  in  connection 
with  feeding  habits.  In  the  case  of  the  California  woodpeckers 
(Melanerpes  formicivorua  hairdix)  a  large  number  together  select 
a  live-oak  tree  for  their  operations.  They  first  bore  its  bark 
full  of  holes,  each  large  enough  to  hold  an  acorn.  Then  into 
each  hole  an  acorn  is  thrust  (Figs.  267  find  268).  Only  one  tree 
in  several  square  miles  may  be  selected,  and  when  their  work  is 
finished  all  those  interested  go  about  their  business  elsewhere. 
At  irregular  intervals  a  dozen  or  so  come  back  with  much 
clamorous  discussion  to  look  at  the  tree.  When  the  right  time 
comes,  they  all  return,  open  the  acorns  one  by  one,  devouring 
apparently  the  substance  of  the  nut,  and  probably  also  the 
grubs  of  beetles  which  have  developed  within.  When  the  nuts 
are  ripe,  again  they  return  to  the  same  tree  and  the  same 
process  is  repeated.  In  the  tree  figured  this  has  been  noticed 
each  year  since  1891. 

The  instinct  of  self-defense  is  even  more  varied  in  its  mani- 
festations. It  may  show  itself  either  in  the  impulse  to  make 
war  on  an  intruder  or  in  an  impulse  to  flee  from  its  enemies. 
Among  the  flesh-eating  mammals  and  birds  fierceness  of  de- 
meanor serves  both  for  the  securing  of  food  and  for  protection 
against  enemies.  The  stealthy  movements  of  the  lion,  the 
skulking  habits  of  the  wolf,  the  sly  selfishness  of  the  fox,  the 
blundering  good-natured  power  of  the  bear,  the  greediness  of 
the  hyena,  are  all  proverbial,  and  similar  traits  in  the  eagle, 
owl,  hawk,  and  vulture  are  scarcely  less  matters  of  common 
observation. 

Herbivorous  animals,  as  a  rule,  make  little  direct  resistance 
to  their  enemies,  depending  rather  on  swiftness  of  foot,  or  in 
some  cases  on  simple  insignificance.  To  the  latter  cause  the 
abundance  of  mice  and  mouselike  rodents  may  be  attributed, 
for  all  are  the  prey  of  the  carnivorous  beasts  and  birds,  and 
of  snakes. 

Even  young  animals  of  any  species  show  great  fear  of  their 
hereditary  enemies.  The  nestlings  in  a  nest  of  the  American 
bittern  when  one  week  old  showed  no  fear  of  man,  but  when 
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two  weeks  old  this  fear  was  very  manifesi.  Young  moddn^ 
birds  will  go  into  spasms  at  the  sight  of  an  owl  or  a  eai,  wiiUc 
they  pay  little  attention  to  :i  dog  or  a,  hen.     Monkevfi  that  havi- 


^H       nni 


never  sefn  a  siiako  show  almost  liy^terinU  fear  at  first  sni^ht  of 
one,  and  rhe  same  kind  of  fppling  is  common  to  miwt  mm.  A 
monkey  was  allowed  lo  open  a  paper  bag  which  contained  a 
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snake.  He  was  staggered  hy  the  sight,  but  after  a  while 
he  went  back  and  looketl  again,  to  repeat  the  oxpcrienoc.  Eiioh 
wiUi  animal  him  ils  i^jH-eiul  iriKtinrl.  nf  resitttancc  or  inctliod  of 
keeping  off  its  rnemicH.  The  t^taniplnK  of  a  slieep,  the  kipking 
lof  u  horsi',  the  running  in  a  circle  of  a  hare,  and  the  skulking 
ircle  of  -some  foxes,  are  examples  of  this  sort  of  instinct. 


»The  play  i»i*/ijiri  is  deveIo])eil  in  numerous  animals.  To 
this  cliiita  hi-tong  the  wrestlings  uiid  mimic  figlits  of  young 
dogs,  bi-ar  culw,  seal  pups,  and  young  beasts  generally.  Cata 
and  killens  play  with  mice.  Ktpiirrels  play  in  the  trees.  Per- 
hapE  it  is  the  play  impulse  that  leads  the  shrike  or  butcher  bird 
^^to  impale  small  birds  and  beetles  on  the  tliorna  about  its  nest, 
^^Ka  ghastly  kind  of  orniiment  ihut  se(Mn8  to  confer  snttsfactioii 
^Bim  the  bird  itself.  The  talking  of  the  parrots  and  their  imita- 
^Huons  of  the  t^uutuls  they  licur  seem  to  be  of  the  nutun;  of  play, 
^^nhe  greater  thoir  superfluous  energy  the  more  they  will  talk. 
^BUuch  of  the  ainging  of  birds,  and  the  crying,  calling,  and  howling 


^H 

^^^^^^^^^^^^^^^^^M 

^^^^B 

^H^^^^^^^^^^^^^^^^^^^^^^^^^^^^^l^^^^^^l 
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1 
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o(  other  anuoals,  are  mere  play,  although  mngjng  primarily 
belongs  to  the  period  of  reprotim-lioii.  tuvl  other  calls  and  rrin 
result  rrom  stM^al  iiisfinrls  or  fruni  the  instiiict  to  cure  for  IIk 
young. 

Ctimalir  imliwt*  arc-  [hose  which  ari>«'  fr..r- 

Pio.  X7D.— Xexlino  o(  AsMiiaB  biim.    Fuiu  binl*.  «(  <•  tiirh  i » 

260.  lira  n*k*  M.  ■(  •rkidi  no  ibmy  •Jiowed  mvked  l»r  ol  «.^.      iI>T.rri.«ru<D 
by  E.  N.  Tabor.  McridUn.  N.  V..  June  g.  ISSS.     Portmwno  irf  UMOUIkB  !>>., 

ong  sft-im  to  the  southward;  the  wild  geese  range  ihenwrhtst 
n  wedge-shaped  {locks  and  fly  high  and  far,  calling  loudly  as 
.hey  go;  the  bobolinks  straggle  away  one  at  a  time,  &ytttK 
noslly  in  the  night,  and  most  of  the  smaller  tiinls  in  r»IJ 
■ountries  move  away  toward  the  tropics.     AU  these  movetnents 
ipring  from  the  migratory  instinct.     Another  rlimatic  instiiict 
eads  the  War  to  hide  in  a  cave  or  hollow  tree,  where  be  sleep* 

1 
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liit>eriuil.e3  till  spring.     In  some  c&Bes  ihe  clinmtic  instinct 
ergfs  in  tlie  iKiininf:  instiiii't  find  the  iiistini't  of  reprinliiciiim. 

tlie  biril.s  move  riortli  In  llio  spring  they  fiinn,  male, 


ill!  Ihoir  nosts.  TIk-  fur  si-al  k"'--*  h-w  I<i  ri^ur  its  younit. 
B  bear  pxcIiuhei'S  its  Im-iI  fur  lis  lair,  and  its  firi-l  business 
r  wftkinR  ia  to  make  n-aiiy  to  rciir  its  yoimg. 
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Enmronmental  instinets  concern  the  creatiire's  mode  (rf  Effi 
Huch  are  the  burrowing  uistincta  of  certain  rodents,  the  vi-ao4 
chucks,  gophers,  and  the  like.  To  enumerate  the  ehii-f  phsM 
of  such  instincts  would  be  difficult,  for  as  aH  (lie  snimsls  an 
related  to  their  environment,  this  relation  must  show  ilavit  it 
characteristic  instincts. 

The  imtinrl/i  of  murlship  relate  chiefly  to  the  male,  the  fem&lt 
liciim  iiiiin-  ur  Ir-;-  ].:i~-i\r  Ardiiiii;  the  birds  the  male  in  aprinj 
leryn 


provided  with 
ornamental  pilumi 
which  he  sheds  wl 
the  breeding  sea: 
is  over.  The  scarict, 
crimson,  orange,  blue, 
black,  and  lustroM 
colors  of  birds 
CO  mm  only  seen  t)i4j 
on  the  males  in  i 
breeding  season,  t 
young  males  sod 
the  old  males  in  Ibt 
fall  having  the  plaiS' 
brown  gray  or  streaky 
colors  of  the  fem 
Among  the  singinf 
birds  it  is  chiefly  tha 
male  that  sings,  andl 
his  voice  and  the  i 
stinct  to  uae  it  a 
commonly  lost  is 
great  degree  when  the  young  are  hatched  in  the  n«rt.  Am 
ceitain  fishes  the  males  are  especially  brilliantly  colored  in  lli 
breeding  time,  but  there  is  little  evidence  of  any  peraonal  at 
tempts  to  display  titese  colors  before  the  females. 

Among  polygamous  mammals  the  male  is  usiuily  maA 
larger  than  the  female,  and  his  courtship  la  often  a  strug^ 
with  other  males  for  the  possession  of  the  female.  Atnot^ 
the  deer  the  male,  armed  with  great  horns,  fight  to  the  death 
for  the  possession  of  the  female  or  for  the  mastery  of  the  herd. 
The  fur  seal  has  on  an  average  a  family  of  about  tbuty-tira 
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females,  and  for  the  control  of  his  harem  others  are  ready  at  all 
times  to  dispute  the  possession.  But  with  monogamous  animals 
like  the  true  or  hair  seal  or  fox,  where  a  male  mates  with  a  single 
female,  there  is  no  such  discrepancy  in  size  and  strength,  and 
the  warlike  force  of  the  male  is  spent  on  outside  enemies,  not 
on  his  own  species. 

The  movements  of  many  migratory  animals  are  mainly  con- 
trolled by  the  impulse  to  reproduce.  Some  pelagic  fishes,  es- 
pecially flying  fishes  and  fishes  allied  to  the  mackerel,  swim 
long  distances  to  a  region  favorable  for  a  disposition  of  spawn. 
Some  species  are  known  only  in  the  waters  they  make  their 
breeding  homes,  the  individuals  being  scattered  through  the 
wide  seas  at  other  times.  Many  fresh-water  fishes,  as  trout, 
suckers,  etc.,  forsake  the  large  streams  in  the  spring,  ascending 
the  small  brooks  where  they  can  rear  their  young  in  greater 
safety.  Still  others,'  known  as  anadromous  fishes,  feed  and 
mature  in  the  sea,  but  ascend  the  rivers  as  the  impulse  of  re- 
production grows  strong.  Among  such  species  are  the  salmon, 
shad,  alewife,  sturgeon,  and  striped  bass  in  American  waters. 
The  most  noteworthy  case  of  the  anadromous  instinct  is  found 
in  the  king  salmon  or  quinnat  of  the  Pacific  coast.  This  great 
fish  spawns  in  November.  In  the  Columbia  River  it  begins 
running  in  March  and  April,  spending  the  whole  suntmer  in 
the  ascent  of  the  river  without  feeding.  By  autumn  the  in- 
dividuals are  greatly  changed  in  appearance,  discolored,  worn, 
and  distorted.  On  reaching  the  spawning  beds,  some  of  them 
a  thousand  miles  from  the  sea,  the  female  deposits  her  eggs  in 
the  gravel  of  some  shallow  brook.  After  they  are  fertilized 
both  male  and  female  drift  tail  foremost  and  helpless  down  the 
stream,  none  of  them  ever  surviving  to  reach  the  sea.  The  same 
habits  are  found  in  other  species  of  salmon  of  the  Pacific,  but 
in  most  cases  the  individuals  of  other  species  do  not  start  so 
early  or  run  so  far.  A  few  species  of  fishes,  as  the  eel,  reverse 
this  order,  feeding  in  the  rivers  and  brackish  creeks,  dropping 
down  to  the  sea  to  spawn. 

The  migration  of  birds  has  relation  to  reproduction  as  well 
as  to  changes  of  weather.  As  soon  as  they  reach  their  summer 
homes,  courtship,  mating,  nest-buildinjx,  and  the  care  of  the 
young  occupy  the  attention  of  every  speci(»s. 

In  the  animal  kingdom  one  of  the  preat  factors  in  develoj)- 
ment  has  been  the  care  of  the  youruj.     This  feature  is  a  prominent 
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me  ill  tlie  specialization  of  birds  and  maminals.  When  Ihe 
^oung  aro  cared  for  tlie  pprcentage  of  loss  in  llii-  slruggle  for 
i  greatly  reduced,  the  number  of  Ijirtlis  necesst 


intenaneo  of  the  Bpecies  is  much  less,  and  the  opportunities 

HpeeinJimlion  in  tittier  relation!)  of  life  are  much  p'eater. 

theEtp  regards,  the  nest-bnilding  and  liuine-making  animals 

tve  thf  ttdianlage  over  those  that  have  not  these  inetinctd. 


L-V<HXTH>X   AXn  AMMAL  LIFE 


i  «nim«ia  that  mstr  fur  life  hare  tbe  advantage  a 
Animal?,  utd  tbcue  whose  aociaj  or  maUi^  li 


II  :i  nni-inii  oi  i;ii«ir  mer  liuise  ivnd  insiincU  leas  higWj 
spocialiipd. 

WTiPD  V.V  study  instincts  of  uTiimals  with  care  and  in  diitail, 
we  find  that  their  regularity  is  much  less  than  has  been  su- 
pose<l.     There  is  as  much  variation  in  regard  to  instinct  anoi 
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individuals  as  there  is  with  regard  to  other  characters  of  the 
species.  Some  power  of  choice  is  found  in  almost  every  oj)era- 
tion  of  instinct.  Even  the  most  machinehke  instinct  shows 
some  degree  of  adaptability  to  new  conditions.  On  the  other 
hand,  in  no  animal  does  reason  show  entire  freedom  from 
automatism  or  reflex  action.  "The  fundamental  identity  of 
instinct  with  intelligence,"  says  an  able  investigator,  "is  shown 
in  their  dependence  upon  the  same  structural  mechanism  (the 
brain  and  nerves),  and  in  their  responsive  adaptability." 


.Reason  or  intellect,  as  distinguished  from  instinct,  is  the 
choice,  more  or  less  conscious,  among  responses  to  external 
impressions.  Its  basis,  like  that  of  instinct,  is  in  reflex  action. 
Its  operations,  often  repeated,  become  similarly  reflex  by 
repetition,  and  are  known  as  habit.  A  habit  is  a  voluntary 
action  repeated  until  it  becomes  reflex.  It  is  essentially  like 
instinct  in  all  its  manifestations.  The  only  evident  dlfFeronce 
is  in  its  origin.  Instinct  is  inherited.  Hikbit  is  the  reaction 
produced  within  the  individual  by  its  own  rrjx'alod  actions. 
In  the  varied  relations  of  life  the  jMire  rcllcx  !i('ti<iu  liHonies 
inadequate.  The  sensnriiun  is  offered  a  clioio-  of  rosixmscs. 
To  choose  one  and  to  rcjcrt  llie  ollicrs  is  the  funcliiiii  of  inlellect 
or  roawon.  While  its  rxcc-wivc  licvdopiucnt  in  niiin  obscures  ils 
close  relation  to  instinct,  l>otli  sliade  off  by  degrit-s  into  reflex 
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utiaa.  Indeed,  do  sharp  line  taa  be  drawn  betwcn  uii«t]i)- 
SFMHis  sDd  subcoDMiouE  choice  of  reactiun  and  ordinarj'  in- 
teOMioftl  processes. 

MnBi  aninwbi  h&re  liitle  self-consdousiiPHS,  and  their  rcafwn- 
in;  powers  at  b(«t  are  of  a  low  onlrr;  litit  in  kiml,  at  least,  tht^ 
powers  are  mit  different  from  reason  in  man.  A  horse  readi)^ 
over  the  fenw  to  be 
company  to  another. 
Thiaiainstinrt.  Wlien 
it  lets  flown  the  bsn 
uith  its  teeth,  that 
is  reason.  When  a 
dog  finds  it 
hiiine  at  n%ht  liy  tlie 
^n»'  of  smell,  this 
nia>'  be  iiLstitirt ;  when 
he  drn^  a  i:<t  ranker  tn 
his  wounded  master, 
tlial  is  reason,  ttlirn 
a  jack  rahlKi  |en|« 
over  A  bush  to  escape 
a  dog,  or  runa  in  a 
circle  before  a  coyote, 
or  when  it  lies  Sat  in 
the  graas  as  a  round 
ball  of  gray,  indistitw 
giiishable  from  gnf», 
this  is  instinct.  But 
the  same  animal 
capable  of  reason— 
that  is,  of  a  distinct  choice  among  lines  of  action.  Not  lon^ 
ago  a  rabbit  came  bounding  across  the  univer«ty  catiipua  at 
Palo  Alto.  As  it  passed  a  comer  it  suddenly  facoai  two  huniinjE 
dogs  running  side  by  side  toward  it.  It  had  the  choice  of  turning 
back,  its  first  instinct,  but  a  dangerous  one;  of  leaping  over  the 
dogs,  or  of  lying  flat  on  the  ground.  It  chose  none  of  thtvK-,  and 
its  I'lioice  was  inslanlaneouB.  It  ceased  leaping;,  ran  low.  and, 
went  Ix-twiH-n  the  dogs  just  as  they  were  in  the  aet  of  arizing  it, 
aiui  tlie  surpri.^"  of  the  dogs,  as  they  BtopjuHl  and  iriwl  lo  harry 
around,  was  the  same  feeling  that  a  man  would  Iiavc  in 
circumstances. 


Fki-  2J7.— T«I«  b.rJ.  Orr 
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On  the  open  plains  of  Merced  County,  CaL,  the  jack  rabbit 
is  the  prey  of  the  bald  eagle.  Not  long  since  a  rabbit  pursued 
by  an  eagle  was  seen  to  run  among  the  cattle.  Leaping  from 
cow  to  cow,  he  used  these  animals  as  a  shelter  from  the  savage 
bird.  When  the  pursuit  was  closer,  the  rabbit  broke  cover 
for  a  barbed-wire  fence.  When  the  eagle  swooped  down  on  it, 
the  rabbit  moved  a  few  inches  to  the  right,  and  the  eagle  could 
not  reach  him  through  the  fence.  When  the  eagle  came  down 
on  the  other  side,  he  moved  across  to  the  first.  And  this  was 
continued  until  the  eagle  gave  up  the  chase.  It  is  instinct 
that  leads  the  eagle  to  swoop  on  the  rabbit.  It  is  instinct  again 
for  the  rabbit  to  run  away.  But  to  run  along  the  line  of  a 
barbed-wire  fence  demands  some  degree  of  reason.  If  the  need 
to  repeat  it  arose  often  in  the  lifetime  of  a  single  rabbit  it  would 
become  a  habit. 

The  difference  between  intellect  and  instinct  in  lower  animals 
may  be  illustrated  by  the  conduct  of  certain  monkeys  brought 
into  relation  with  new  experiences.  At  one  time  we  had  two 
adult  monkeys,  "Bob"  and  "Jocko,"  belonging  to  the  genus 
Macactis.  Neither  of  these  possessed  the  egg-eating  instinct. 
At  the  same  time  we  had  a  baby  monkey,  "  Mono,"  of  the  genus 
Cercopithecus.  Mono  had  never  seen  an  egg,  but  his  inherited 
impulses  bore  a  direct  relation  to  feeding  on  eggs,  just  as  the 
heredity  of  Macacos  taught  the  others  how  to  crack  nuts  or 
to  peel  fruit. 

To  each  of  these  monkeys  we  gave  an  egg,  the  first  that  any 
of  them  had  ever  seen.  The  baby  monkey,  Mono,  being  of  an 
egg-eating  race,  devoured  his  egg  by  the  operation  of  instinct 
or  inherited  habit.  On  being  given  the  egg  for  the  first  time, 
he  cracked  it  with  his  upper  teeth,  making  a  hole  in  it,  and  sucked 
out  all  the  substance.  Then  holding  the  eggshell  up  to  the 
light  and  seeing  that  there  was  no  longer  anything  in  it,  he 
threw  it  away.  All  this  he  did  mechanically,  automatically, 
and  it  was  just  as  well  done  with  the  first  egg  he  ever  saw  as 
with  any  other  he  ate.  All  eggs  since  offered  him  he  has  treated 
in  the  same  wav. 

The  monkey  Bob  took  the  egg  for  some  kind  of  nut.  He 
broke  it  against  his  upper  teeth  and  tried  to  pull  off  the  shell, 
when  the  inside  ran  out  and  fell  on  the  ground.  He  looked  at  it 
for  a  moment  in  bewilderment,  t<K)k  lK)th  hands  and  seooptMl  u|) 
the  yolk  and  the  sand  with  which  it  was  mixed  and  swallowcMj 
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the  whole.  Then  he  stuffed  the  shell  itself  into  his  mouth. 
This  act  was  not  instinctive.  It  was  the  work  of  pure  reason. 
Evidently  his  race  was  not  familiar  with  the  use  of  eggs  and  had 
acquired  no  instincts  regarding  them.  He  would  do  it  better 
next  time.  Reason  is  an  inefficient  agent  at  first,  a  weak  tool; 
but  when  it  is  trained  it  becomes  an  agent  more  valuable  and 
more  powerful  than  any  instinct. 

The  monkey  Jocko  tried  to  eat  the  egg  offered  him  in  much 
the  same  way  that  Bob  did,  but  not  liking  the  taste  he  threw 
it  away. 

The  confusion  of  highly  perfected  instinct  with  intellect  is 
very  common  in  popular  discussions.  Instinct  grows  weak 
and  less  accurate  in  its  automatic  obedience  as  the  intellect 
becomes  available  in  its  place.  Intellect  and  instinct  as  well  as 
all  other  nervous  processes  are  outgrowths  from  the  simple 
reflex  response  to  external  conditions.  But  instinct  insures  a 
single  definite  response  to  the  corresponding  stimulus.  The 
intellect  has  a  choice  of  responses.  In  its  lower  stages  it  is 
vacillating  and  ineffective;  but  as  its  development  goes  on  it 
becomes  alert  and  adequate  to  the  varied  conditions  of  life. 
It  grows  with  the  need  for  improvement.  It  will  therefore 
become  impossible  for  the  complexity  of  life  to  outgrow  the 
adequacy  of  man  to  adapt  himself  to  its  conditions. 

Many  animals  currently  believed  to  be  of  high  intelligence 
are  not  so.  The  fur  seal,  for  example,  finds  its  way  back  from 
the  long  swim  of  two  or  three  thousand  miles  through  a  foggy 
and  stormy  sea,  and  is  never  too  late  or  too  early  in  arrival. 
The  female  fur  seal  goes  two  hundred  miles  to  her  feeding 
grounds  in  summer,  leaving  the  pup  on  the  shore.  After  a 
week  or  two  she  returns  to  find  him  within  a  few  rods  of  the  rocks 
where  she  had  left  him.  Both  mother  and  young  know  each 
other  by  call  and  by  odor,  and  neither  is  ever  mistaken  though 
ten  thousand  other  pups  and  other  mothers  occupy  the  same 
rookery.  But  this  is  not  intelligence.  It  is  simply  instinct, 
because  it  has  no  element  of  choice  in  it.  Whatever  its  an- 
cestors were  forced  to  do  the  fur  seal  does  to  perfection.  Its 
instincts  are  perfect  as  clockwork,  and  the  necessities  of  migra- 
tion must  keep  them  so.  But  if  brought  into  new  conditions 
it  is  dazed  and  stupid.  It  cannot  choose  when  different  lines 
of  action  are  f)resentefi. 

The   Bering  Sea  Coniniission  of   1S<)6  made  an  experiment 
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on  the  possibility  of  separating  the  young  male  fur  aeak,  or 
"  kiUables/'  from  the  old  ones  in  the  same  band.  The  metiiod 
was  to  drive  them  through  a  wooden  chute  or  runway  with 
two  valvelike  doors  at  the  end.  These  animals  can  be  driven 
like  sheep,  but  to  sort  them  in  the  way  proposed  proved  im- 
possible. The  most  experienced  males  would  beat  their  noses 
against  a  closed  door,  if  they  had  seen  a  seal  brfore  them  pan 
through  it.  That  this  door  had  been  shut  and  another  op^ied 
beside  it  passed  their  comprehension.  They  could  not  choose 
the  new  direction.  In  like  manner  a  male  fur  seal  will  watch 
^e  killing  and  skinning  of  his  mates  with  perfect  composure. 
He  will  sniff  at  their  blood  with  languid  curiosity;  so  long  as  it 
is  not  his  own  it  does  not  matter.  That  his  own  blood  may 
flow  out  on  the  ground  in  a  minute  en*  two  he  cannot  foresee. 

Reason  arises  from  the  necessity  for  a  choice  among  actions. 
It  may  arise  as  a  clash  among  instincts  which  forces  on  the  animal 
the  necessity  of  choosing.  A  doe,  for  example,  in  a  rich  pasture 
has  the  instinct  to  feed.  It  hears  the  hounds  and  has  the 
instinct  to  flee.  Its  fawn  may  be  with  her  and  it  is  her  instinct 
to  remain  and  protect  it.  This  may  be  done  in  one  of  several 
ways.  In  proportion  as  the  mother  chooses  wisely  will  be  the 
fawn's  chance  of  survival.  Thus  under  diflficult  conditions, 
reason  or  choice  among  actions  riseg  to  the  aid  of  the  lower 
animals  as  well  as  man. 

The  word  mind  is  popularly  used  in  two  different  senses. 
In  the  biological  sense  mind  is  the  sum  total  of  all  psychic 
changes,  actions,  and  reactions.  Under  the  head  of  psychic 
functions  are  included  all  operations  of  the  nervous  system 
as  well  as  all  functions  of  like  nature  which  may  exist  in  organ- 
isms without  specialized  nerve  fibers  or  nerve  cells.  As  thus 
defined  mind  would  include  all  phenomena  of  irritability,  and 
even  i)lants  have  the  rudiments  of  it.  The  operations  of  the 
mind  in  this  sense  need  not  be  conscious.  With  the  lower 
animals  almost  all  of  them  are  automatic  and  imconscious. 
With  man  most  of  them  must  be  so.  All  functions  of  the  sen- 
sorium,  irritability,  reflex  action,  instinct,  reason,  volition, 
are  alike  in  essential  nature  though  differing  greatly  in  their 
degree  of  specialization. 

In  another  sense  the  term  mind  is  applied  only  to  con- 
scious reasoning  or  conscious  volition.  In  this  sense  it  is 
mainly  an  attribute  of  man,  the  lower  animals  showing  it  in 
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but  slight  degree.  The  discussion  as  to  whether  lower  animals 
have  minds  turns  on  the  definition  of  mind,  and  our  answer  to 
it  depends  on  the  definition  we  adopt. 

Most  plants  are  sessile  organisms.  Each  is  an  organic  col- 
ony of  cells,  with  the  power  of  motion  in  parts  but  not  that  of 
locomotion.  The  plant  draws  its  nourishment  from  inorganic 
nature — from  air  and  water.  Its  life  is  not  conditioned  on  a 
search  for  food,  nor  on  the  movement  of  the  body  as  a  whole. 
Yet  the  plant  searches  for  food  by  a  movement  of  the  feed- 
ing parts.  In  the  process  of  growth,  as  Darwin  has  shown, 
the  tii)s  of  the  branches  and  roots  are  in  constant  motion.  This 
movement  is  a  spiral  squirm.  The  movement  of  the  tendrils 
of  the  growing  vine  is  only  an  exaggeration  of  the  same  action. 
The  course  of  the  squirming  rootlet  may  be  deflected  from  a 
regular  spiral  by  the  presence  of  water.  The  moving  branchlets 
will  turn  toward  the  sun.  The  region  of  sensation  in  the  plant 
and  the  point  of  growth  are  identical  because  this  is  the  only 
part  that  needs  to  move.  The  tender  tip  is  the  plant's  brain. 
If  locomotion  were  in  question  the  plant  would  need  to  be 
differently  constructed.  It  would  demand  the  mechanism  of 
the  animal.  The  nerve,  brain,  and  muscle  of  the  plant  are  all 
represented  by  the  tender  growing  cells  of  the  moving  tips. 
The  plant  is  touched  by  moisture  or  si  nlight.  It  may  be  said, 
in  somewhat  metaphorical  language,  that  it  "  thinks ''  of  them, 
and  in  so  doing  the  cells  that  are  touched  and  "think''  are 
turned  toward  the  source  of  the  stimulu.i.  The  function  of 
the  brain,  therefore,  in  some  sense  exists  in  the  tree,  but  there 
is  no  need  in  the  tree  for  a  spcciahzed  sensorium. 

The  many-celled  animals  from  the  lowest  to  the  highest, 
bear  in  their  organization  some  relation  to  locomotion.  The 
animal  feeds  on  living  creatures  and  these  it  must  pursue  if  it 
is  to  thrive.  It  is  not  the  sensitive  nerve  tijis  which  are  to 
move;  it  is  the  whole  creature.  By  the  division  of  labor  the 
whole  body  of  the  compound  organism  cannot  be  given  over 
to  sensation.  Hence  the  development  of  sense  organs  dif- 
ferent in  character:  one  stimulated  by  waves  of  light,  another 
by  waves  of  sound;  one  sensitive  to  odor,  another  to  taste; 
still  others  to  contact,  temperature,  muscular  strain,  and  pain. 
These  sense  organs  must  through  their  nerve  fibers  report  to 
a  sensorium  which  is  distinct  from  each  of  them.  And  in 
the  process  of  specialization  the  sensorium    itself    is   subdi- 
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videii  into  higher  and  lower  nerve  centers;  centers  of  con- 
scious thought  and  automatic  transfer  of  impulse  into  motion. 
This  transfer  indicates  the  real  nature  of  all  forms  of  netve 
action.  All  are  processes  of  transfer  of  sensation  into  mo*'e- 
ment.  The  sensoriiim  or  brain  has  no  knowledge  except  each 
as  comes  to  it  from  the  sense  organs  through  the  ingoing  or 
sensory  nerves.  It  has  no  power  to  act  save  by  its  control  of 
the  muscles  through  the  outgoing  or  motor  nerves.  The  mind 
has  no  teacher  save  the  senses;  no  servants  save  the  muscles. 

Tlie  study  of  the  development  of  mind  in  animals  and  men 
gives  no  support  to  the  medieval  idea  that  the  mind  exists  as 
an  entity  apart  from  the  organ  through  which  it  operates. 
This  " Klavier  theory"  of  the  mind,  that  the  ego  resides  in  the 
brain,  playing  upon  the  cells  as  a  musician  upon  the  strings  of 
a  piano,  finds  no  warrant  in  fact.  So  far  as  the  evidence  goes, 
Vie  know  of  no  ego,  except  that  which  arises  from  the  coordiiui- 
tion  of  the  nerve  cells.  All  consciousness  is  "  colonial  conscioiB*- 
ness,"  the  product  of  cooperation.  It  staini.-^  rclittnl  tii  the 
action  of  individual  cells  much  as  the  content  of  a  poem  with 
the  words  or  letters  composing  it.  Its  existence  is  a  phenomenon 
of  cooperation.  The  "I"  in  man  is  the  expression  of  the  co- 
working  of  the  processes  and  impulses  of  the  brain.  The  brain 
is  made  of  individual  cells,  just  as  England  is  made  of  individual 
men.  To  say  that  England  wills  a  certain  deed,  or  owns  a 
certain  territory,  or  thinks  a  certain  thought  is  no  more  a  figure 
of  speech  than  to  say  that  "I  will,"  "I  own,"  or  "I  think." 
The  "  England  "  is  the  expression  of  union  of  the  indi%'idual 
wills  and  thoughts  and  ownerships  of  Englishmen.  Similarly, 
my  "  ego "  is  the  aggregate  resulting  from  coordination  of  the 
elements  that  make  up  my  body. 

That  what  we  really  know  of  human  personality  tells  the 
whole  story  of  it  no  one  should  maintain.  It  is  well,  however, 
not  to  ascribe  to  it  entities  and  qualities  of  which  we  know 
nothing. 


CHAPTER  XXI 
MAN*S  PLACE  IN   NATURE 

A  sacred  kinship  I  would  not  forego 

Binds  me  to  all  that  breathes:  through  endless  strife 

The  calm  and  deathless  dignity  of  life 

Unites  each  bleeding  victim  to  its  foe. 


I  am  the  child  of  earth  and  air  and  sea. 

My  lullaby  by  hoarse  Silurian  storms 

Was  chanted,  and  through  endless  changing  forms 

Of  tree  and  bird  and  beast  unceasingly 

The  toiling  ages  wrought  to  fashion  me. 

Lol  these  large  ancestors  have  left  a  breath 
Of  their  great  souls  in  mine,  defying  death 
And  change.     I  grow  and  blossom  as  the  tree, 
And  ever  feel  deep-delving  earthy  roots 
Binding  me  daily  to  the  conmion  clay: 
Yet  with  its  airy  im))ulse  upward  shoots 
My  soul  into  the  realms  of  light  and  day. 
And  thou,  O  sea,  stern  mother  of  my  soul, 
Thy  t€mj)ests  ring  in  me,  thy  billows  roll  I 

— Hjalmar  Hjorth  Boyesen. 

Man  betrays  his  relation  to  what  is  below  him,  thick-skulled, 
small-brained,  fishy,  ciuadrumanous  quadru{)od,  ill-disguised,  hardly 
escaped  into  biped,  and  has  paid  for  the  new  jwwers  by  the  loss  of  some 
of  the  old  ones.  But  the  lightning  which  explodes  and  fashions  planets, 
maker  of  planets  and  suns,  is  in  him.  On  the  one  side  elemental  order, 
sandstone  and  granite,  rock  ledges,  |)eat  l>og,  forest,  sea,  and  shore. 
On  the  other  part,  thought  and  the  spirit  which  composes  and  decom- 
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Bm  HKTm^mOBbfrn^  gad  tmd  Aiwa,  t 
eAb- ■  Ik  qv  Mid  Ibvb  ttf  nciT  R 
Tie  qv  ■  Ikii  nw^  *alt  of  ■ 


afie. — 3asx  Wwmmx. 

One  of  the  mtmt  io^wftsnt  tcmltB  at  Dmriii's  stnifiet  of 
the  oripn  of  qwdes  has  been  tlie  eomplete  duunge  in  tiie  p^o- 
■i^ilueal  eoDccptioD  of  num.  Wr  no  longer  Uiink  of  the  hnnu 
nee  as  «  cooqdeted  tstitj  in  the  midst  of  Natun,  but  afttt 


rriini  it.  with  a  different  origin,  a  different  motive,  a  different 
(lo:^tinv.  Man  is  like  tlieother  species,  an  inhabitant  of  the  earth, 
a  product  of  tlie  laws  of  life;  his  characters  are  phases  in  the 
lon^  proros^  of  change  and  adaptation  to  which  all  organisms 
are  subject.  From  the  point  of  view  of  zoology,  the  human 
nice  is  a  group  of  closely  allied  species,  or  subspecies,  undoubted- 
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^^r  derived  from  a  pommoii 

stock,  and  rueli  eppciiw  in 

its    ratnifi  cut  tons    inoilitit'il 

by   ihe   fort-tw   and   I'ondi- 

lions    induded    under    the 

general  heads  of  variation, 

heredity,  segregation,  selec- 
tion, and  the  in]  pact  of 
^bDviroimient  precisely  as 
^Species  in  other  groups  are 
^Bffected.  It  is  clear  that  if 
^Hhere  is  an  origin  of  species 
^Wirough  natural  causes 
^Runotig  thp  lower  animals 
^and    ))lunls,    there    is    an 

origin    of     species    among 

men.     If  homology  among 

animals   and   planis  is  the 

stamp  of  Mood  relation- 
ship, the  same  rule  holds 

with  man  os  wpII.     Man  is  conneeted  with  the  lower  animals 

Py  the  most  perfect  of  homologies.      These  are  traceable  in 
irery  bone  and  muscle,  in  every  blood  vessel  and  gland,  in 
^^  every   phase  of  structure, 

-~  ■'*™  even    includinjj    llu)se    of 

the  bruin  and  nervous 
system.  Tiic  eonimon 
heredity  of  man  with  other 
vertebrate  animals  is  as 
wi'll  (wtablished  as  any  fact 
in  phylogeny  can  be. 

In  working  out  the 
details  of  the  origin  of 
man,  we  have  onee  more 
the  threo  "ftneestral  docu- 
ments "  of  biologj',  compar- 
ative anatomy,  embryol- 
ogy, and  i>aleonlolog>'. 

Con.'iidercd  structur- 
ally, man  foniis  a  single 
genus.  Homo,  the  sole  rep- 


y  Dr.  U«k  of  BcrUn.) 
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resentative  among  li\dng  forms  of  the  Hominidae,  the  highest 
family  of  the  order  of  Primates.  To  the  species,  man,  Ijn- 
lueus  gave  the  scientific  name  of  Homo  sapiens,  this  being  re- 
garded by  him  as  the  primitive  species  which  has  divergoti 
into  several  geographical  varieties  or  races.  Of  these,  at  le&Jt 
three  might  well  be  regarded  as  distinct  species.  The  form 
called  by  Linnaeus  Homo  sapiens  europcpus  includes  not  only 
the  white  men  of  Europe,  but  allied  races  of  Africa  and  Asia, 
as  the  Moors,  the  Jews,  the  Turks,  the  Aral)s,  the  Hindus 
and  the  Ainus  of  northern  Japan.     To  Homo  asiaticus  belong 


Fio.  2S2.—  l'|)i»or  teeth  of  man  and  the  oranjt-utan:  At  left,  of  a  Cauca.Mian:  :n  mi-Ml«?. 
tjf  a  neiCT'i;  at  right.  o(  a  ftrown  uranK-utan.  The  c«>ntlition  in  the  n*cr  •  •« 
l>etween  that  in  the  urang-utan  and  that  in  the  Caucasian.  ^.\fter  \\  loirr- 
heini.) 

the  Mon^rolian  races,  probably  the  Rsquimaux  and  AKnits  of 
North  AnuTica,  and  perha|3s  the  American  Indians  (Homo 
(jmvricanus),  with  tiie  Malays,  the  South  Sea  Islanders,  and  the 
Australians  as  well.  Homo  afer  of  Africa  and  adjacent  islanii.-' 
comprises  the  kinky-haired  negroes  and  negritos. 

Structurally  the  members  of  the  genus  Homo  are  closrly 
allied  to  the  anthro|)oid  a|)es.  The  actual  differenct^s  in 
anatomy  are  very  slight.  The  differences  in  degree  of  ment^il 
endowment  are  enormous,  but  it  can  l)e  shown  that  these  d\y 
tinetions  are.  for  the  most  part,  of  degree  only,  associated  with 
the  »rreater  size  and  greater  degree  of  s|x»cialization  of  the  brain 
of  man.  Homolotries  of  the  closest  sort  exist,  involving  evtTV 
elenuMit  in  structure  as  well  as  every  function  of  the  organi>ni 
and  every  known  mental  attribute.  The  anthro|X)id  or  man- 
like apes  constitute  the  family  of  Simiidie.  The  prinripl 
species  are  the  following,  Ix^ginning  with  the  lowest  or  nn»>t 
monkeylike:  HylobatcSy  the  gibbons,  of  several  species.  noial>K' 
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^BVbr   their   very   long    arms  and 
^^  erect  posturp;  SUimanga  syjwtwr- 

tyla,  the  siamang;  Sitnia  aatyrtts, 

the    orang-utan  ;    Pan    gorilla, 

the    gorilla,    Bometimca    called 

Troglodytes   gorilla   (though   the 

n&me  Troglodytes  waa  first  used   , 

for   the  wren);  and    the   chim-   | 

panztxs,  AfUhropitherits  nigcr  and 

calviis.    Of  these  the  gorilla  is 

physically    the     strongest.      It 

reaches   a    height   of    five    feet 

and  a   weight   of   200   pounds. 

The    chimpanzee,    smaller    and 

more    amiable     in     dittpoi^itioii, 

most   suggests  luan   in   appear- 
ance,   although    the    gorilla    is 

Btructurally  most  Uke  him. 

The  order  of  primates  has  been  variously  chuitiified.     It.  is 

Conveniently  divided  into  five  principal  groups;  (a)  the  lemurs 

fincluding  I^muridie,  Cheiromyida>,  Galeopithecid»,  and  still 
more  goneralize<l  cx- 
linct  forms);  (6)  the 
riatyrrliine  or  New- 
World  monlteya 
(Cel)idie  and  Arcto- 
pithecidiT  or  jMar- 
tnosots;  (c)  the 
Catarrhine  or  Old- 
World  monkeys  and 
baboons  (Cercttpi- 
thecidip);  (rf)  the 
anthropoid  apes 
(Simiida>) ;  and  (f) 
man  (Honiini<lif'). 

The  lemurs  of 
Mudaga-sear  are  the 
most  primitive. 
l.iiie  other  primateit, 
lliey  have  flat  nnilit 
(AIM  tuuuuk  lii>.i        and     au     opposable 
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thumb  on  each  foot.  Monkeylike  in  their  feet  and  ia  llvrip 
general  liabit,  yet  in  appearance  they  have  Utile  to  8iij£nt 
aftinity  with  man.  In  general  make-up,  they  arc  supcriidaDr 
eumpurable  rather  with  weasels,  squirrels,  and  bats. 

The  New-World  monkeys  differ  wideJy  from  the  othtn. 
Technieally  they  are  distinguished  by  the  diverging  (platyr- 
rhino)  nostrils,  and  by  ihc  retention  of  the  primitively  larftw 
number  of  leeth.  Many 
of  them  have  prehensile 
tails,  and  in  habit  and 
temper  all  are  very  un- 
like the  more  hardy  and 
pugnacious  monkeys  of 
the  Old  World.  AU  ths 
Old-WoHd  monkeys  , 
well  as  the  apm  and', 
man  have  parallel  no»- 
trils,  directwi  don-nw&nl 
(ratarrhine) .  Thrir  toils, 
if  present,  are  nut  prw- 
hensilc,  anc]  in  tlieir 
hubiis  and  temi>er  they 
approach  progressively 
toward  man.  Oalarriiin* 
monkeys  are  known  to 
have  existed  in  thft 
Miorene  period.  Tto 
F»G.  285.— U'lfuu.  antliropoid    apee 

sent    a   high    degree 
advancement  within  the  same  group  which  finds  it«  final  ex- 
treme in  the  genus  Homo. 

Considering  structural  characters  alone,  it  ia  rendily  con- 
ceivable that  man  should  have  had  an  anthropoid  anervtry, 
that  the  anthropoids  should  have  sprung  from  an  Old-WorM 
monkey  stock,  and  that  the  Old-World  monke>-s  in  lum  an 
derived  from  the  lemurs.  It  ia  not  supiwaable  thai  any  lji'im| 
spedesof  man  has  sprung  from  anyextantsfHjcies  of  aolhropoid 
ape.  The  point  of  juncture  is  clearly  far  back  in  the  earlier 
Tertiary  times,  but  morphological  evidence  points  to  iho  ram- 
mon  orl^n  of  primitive  man  and  the  known  anthropoids.  It  a, 
of    course,  certain  that  the  intermediate  forma  when  knuvn 
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will  not  be  strictly  man-apes,  nor  ape-men,  but  rather  primitive 
preatiirps  uniting  the  pt@»ibilities  of  botli.  From  that  condition 
men  and  aiKM  have  aincft 
(Jiverged  and  will  con- 
timie  to  diverge. 

There  is  no  dowlit  of 
the  trutli  i)i  Huxley's 
statement: 

"Thiis  whatever  system 
(if  organs  be  stutUed,  the 
contjiaHHOii  of  their  iiuhIi- 
firntiuna  in  I  he  ni>c  i 
lends  lo  one  and  the  s 
result — Uial  the  strui'tural 
differenees    which    separate 

I  from  the  gorilla  nnd 
tlie  chimpanzee  are  not  so 
great  as  thuee  which  tieparat-e  the  gorilla  from  the  lower 


why  nmii  shmild  not  be  flassed  with 
I  tuinily.     We  all  know  a  man  from 
ari  ttpe,  but  it  b  quite  an- 
other thitiR  to  find  differ- 
which    are  absolute 
nni)  not  of  dcpve  only." 


It    may   \k   broadly 
staled   that  man  differs 
fruin    the    iiiMii   in    the 
combination  of  the  fol- 
lowing   eharacters:    {1 ) 
Erect     walk;     (2)     ex- 
t  remities    differentiated 
accordingly,    the    great 
loe    nfit     l)eing    opjHj;*- 
tblc,  the  other  toes  little  prehensile;  (3)  articulate  speech;  (4) 
tiighitr  reafuming  i>ower.     The  erect   walk  is  not  an  alwohite 
■ehuractvr.     The  higher  kjms  walk  on  their  Feet,  touching  the 
uround  at    timea  with   their   knuckled.     The   tailed  monke\-a 
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'llf-^aim-.  .tirlmiii!;!!    n    n,.; 


..■1,..  ,iiiil  r:i\i  arc  ^r.-uuilv  .ii-v 
-    tmi    I  111-   miLscli-M    lunmiiir 
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with  the  anthropoid  apes,  and  that  he  cannot  be  separated  as 
an  order  from  other  primates. 

In  mental  attributes  the  differences  are  very  great,  but  these 
are  all  correlated  with  the  large  size  of  the  human  brain,  and  are 
all  psychological  expressions  of  the  high  degree  of  spe<-ialization 
of  its  parts.  The  largest  recorded  human  brain,  according  to 
Huxley,  has  a  weight  of  sixty-five  to  sixty-six  ounces,  the 
smallest  of  about  thirty-two.  The  brain  of  the  highest  ape 
weighs  alxnit  twenty  ounces. 

The  immense  differences  between  the  inleiligence  of  a|x>  and 
man  does  not  imply  any  corresponding  |)hysical  gaj)  Ix^twcen 


them,  or  any  corres(>onding  difference  in  their  brains.  Huxley 
uses  the  illustration  of  a  watch  which  keeps  perfect  time  as 
compare<l  with  a  watch  having  im|>erfect  machinery.  The 
difference  is  not  so  much  in  the  structure  of  the  watch  as  in 
the  fineness  of  the  parts  and  the  [wrfection  of  their  adjustment. 

"  Uclieviiig  flfl  I  do  with  ('uvicr  that  the  pnssesninii  of  nrliciilutc 
B|)cech  in  Ihe  grand  diwlimtive  churacH-r  of  niiin  (whcllier  it  !>«■  nlw)- 
lutely  |K><^uliur  to  him  <ir  not),  1  find  it  very  ciwy  (o  comiinlMTKl  thiit 
sonte  cqiully  incoiiitiiicuouH  sttructurjil  diffinTicc  nwy  have  ln-cn  the 
primary  caunc  of  the  inmicariiinibli'  »ii<]  prsK-tiiuUy  infinite  divergeiK-c 
of  the  Human  from  the  Bimiaii  stirps." 
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Huxley  further  shows  that 

"  the  brain  is  only  one  condition  out  of  many  on  which  intellectual 
manifestations  depend,  the  others  being,  chiefly,  the  organs  of  the 
senses  and  the  motor  apparatuses,  especially  those  concerned  in  pre- 
hension and  in  the  production  of  articulate  speech." 


I'^IG.  200.— Right  hand  at  left,  and  right  foot  at 
riRht.  uf  a  two-nionths-uUl  human  embr>'<>> 
>huwing  ttiniilar  p(»sitiun  uf  the  fiivt  diftit 
(thumb,  great  t<ie)  in  each,  (.\fter  Wie<lera- 
heim.) 


Selenka  finds  that  man  and  the  man-apes  agree  in  the  manner 
and  relation  of  the  young  in  the  mother-body  to  that  body  in 
that  both  man  and  man-apes  have  but  a  single  disclike  placenta, 
while  the  other  apes  have  two  opposed  disc  placentas.  And 
Fliedenthal  finds  that  while  the  blood  scrum  of  man  is  poisonous 

to,  and  destrovs  the  red 
blood  corpuscles  of  all 
other  animals  experi- 
mented on,  these  animals, 
including  fishes,  amphib- 
ians, reptiles,  birds,  and 
mammals,  among  which 
latter  were  l(»nuirs  and 
Xew-World  (Atvhs  and 
Pithecosciuru-ii)  an<l  OM- 
World  (CynocephnluK, 
Macacus  and  Rhtsus) 
monkeys,  it  does  not  injure  the  corpuscles  of  the  man-a{N*s 
(orang,  gibbon,  and  chimpanzee).  This  immunity  exists  only 
among  closely  related  animals  as  the  horse  and  donkey.  tl<»ts 
and  wolf,  and  hare  and  rabbit.  From  which  it  is  evident  that 
man  and  the  man-ajxis  have  nearly  identical  Wood. 

Tlie  second  "  ancestral  document,"  embr>'ology,  einpha.<izf>< 
the  common  origin  of  man  with  that  of  the  higher  vertehratts 
an<l  notably  with  that  of  the  anthropoids.  Tlie  embryos  i>f 
man  and  apes  develop  in  a  fashion  precisely  i)arallel.  In  l>oth. 
as  in  all  other  manmials,  the  early  prest»nce  of  gill  .slits  furni>h*'s 
evidence*  of  a  dc^scent  from  a  fishhkc  ancestry.  Tht»  siuuf 
evidence  is  given  in  the  embryonic  growth  of  reptiU»s  and  l»inls. 
In  the  develojmient  of  the  human  chilil  s<mie  simian  traits 
appear,  tliesc*  being  wholly  or  partly  lost  in  the  mon»  advancol 
stages.  Among  these  is  the  lanugo  or  general  cov<»ring  of  Innj: 
hairs,  more  or  less  (h»veloj>eil  in  certain  stages  of  f(etal  gmwth. 
but  lost  entirely  before  birth.     The  curving  upward  of  the  U\^\. 
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characteristic  of  early  childhood,  is  a  simian  trait.  According 
10  Jeffreys  Wyman,  when  the  fcetus  is  about  an  inch  in  length, 
"the  great  toe  is  shorter  than  the  others,  and  instead  of  being 
parallel  to  them,  is  projected  at  an  angle  from  the  side  of  the 
foot,  thus  corresponding  with  the  permanent  condition  of  this 
part  in  the  Quadrumana." 

The  great  grasping  power  of  young  babies  is  well  known, 
and  this  is  likewise  a  simian  trait. 
I>r.  Louis  Robinson  has  shown  that 
very  young  babies  will  support  their 
own  weight,  by  holding  to  a  hori- 
zontal bar  for  a  period  of  half  a 
minute  to  two  minutes.  In  all  cases 
"  the  thighs  are  bent  nearly  at  right 
angles  to  the  body  and  in  no  case 
did  the  lower  limbs  hang  down  and 
take  the  attitude  of  the  erect  posi- 
tion "  (Fig.  291). 

The  study  of  embryonic  develop- 
ment shows  also  that  the  tail  in 
man  and  ape  alike  is  at  a  certain 
stage  of  development  longer  than  the 
legs,  as  in  the  monkeys  and  other 
lower  mammals.  In  this  stage,  ac- 
cording to  Romanes,  "the  tail  a<l- 
mits   of    being    moved    by   muscles 

which  later  on  dwindle  away."  wnght  i« ov«  iwo  minutw; 
Sometimes,   however,   these    muscles        ii'j^i„""s""M™   I'^iimian' 

persist  through  life.  (From  RnmanH:  attvr  an  in- 

The  vermiform  appendix  is  like-        itaouneoui- t'huio«™i.h.> 
wise  more  developed  in  the  human 

embryo  than  in  the  adnlt,  a  fact  which  holds  in  regard  to 
vestigial  structures  generally.  As  already  stated  in  Chapter 
XX  (discussion  of  vestigial  structures),  Wiedrrshrim  has  re- 
corded in  man  180  structural  reminiseences  of  his  descent  from 
the  lower  animals.  All  the  facts  of  this  olass  point  to  a  common 
origin  of  man  and  a|>es.  and  an  earlier  cuninuiiiity  of  origin 
with  other  mammals  and  with  other  vcrtcbrjite.-f,  the  lUfK-^t 
primitive  traitrt  allying  all  of  them  with  the  fL-hes. 

Paleontology  has  comparatively  little  ti>  offer,  but  llial  little 
is  decisive.     The  life  habits  of  men  and  monkeys  are  singularly 
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uiifa\orfll>l(>  til  the  preservation  of  their  remains  as  fossils  in 
nn'ks.  Of  llio  luiiMire<l8  of  Ei>Gcies  and  millions  of  individuals 
of  ilio  monkey  tiil)e»,  very  few  of  their  remains  are  knonn 
unywlirrr.  l.iviii)!  in  thickets  and  underbrush  there  is  little 
oiijxirtnnity  for  them  to  be  preserved  as  fossils.     With  i 


not  very  liifforoiit.     Implements  of  stone,  bone, 

n  murk  stjipes  in  the  development  of  primitive 

rotiiaiiis  arc  <'on(iiuHl   iilnuxst    wholly    to   Umvf 

k-:iHii   or  ill   llic  drijunngs  of  cjivcs.     Of  fossil 

•,il  i;<'I1it;i  Ikivc  liecn  (lescril>e(l.     Fan  ainitensis 

•Miiii'i  giirillii  from  the  I'lioocne  of  the  I'linjaiib. 

Of  all  tlic  fossil  primules 

^  .  tlio    one    of    the    greatest 

interest  ia  Pithecanihropus 

crccliis.    from    the    tipi»er 

I'liocene   of   Java,    lately 

described  by  Or.   Kiigeiic 

Du    Bois.      This    sj>ecics 

has   been    desisnatod    by 

Haeckel  as  " the  last  link" 

in  hnman  genealogy.     Its 

..,-.|,.."i."-./'..Mrr^.iiLi-     I'liaracters  have  l>een  lield 

,../;,...., ..j;,F,T-,>.  to  corn-stxinil  with  thosct 

of  the   hyiKithetical   iip<w 

I1:i.tI„-1  ail. I  n:uii.'.l  rithrcjnifiropux  ahultix. 

laiiis   wiTf  fnniul.     The  generic  name  of   the 

•li.'s  of  tliis  spccii's  arc  scanty  enough,  eonsist- 
p.  a  fi-nnir.  and  (wo  teeth  (Fig-s.  2!I4  and  L>1I.">1. 


^^''''^'''ir-nm^^' 


MAN'S  PLACE  IN  NATURE 


In  Haeckel's  Cambridge  lecture,  "The  Ijast  Link,"  the  facts 
concerning  tliis  fossil  are  thus  summed  up; 

"Tho  n'mains  in  question  rested  upon  a  con^omerate  which  lies 
U|ion  a  bed  of  marine  niarl  and  sand  of  Pliocene  Ajre.  TniiPther  with 
the  bones  of  Htheeanthropus  vr'erc  found  those  of  Stegodon,  Lcptobos, 
Rhinoreros,  Sus,  Felis,  Hyena,  Hippopotamus,  Tapir,  Klephas,  and  a 
gigantic  Pangolin.  It  is  re- 
markable that  the  Arst  two 
of  these  genera  are  now  ex- 
Unet,  and  that  neither  hip- 
popotamus nor  hysena  exists 
any  longer  in  the  oriental 
region.  If  we  may  judge 
from  these  fossil  remuns, 
theboiieaof  Pithecanthropus 
are  not  younger  than  the 
oldest  Pleistocene  and  prob- 
ably belong  to  the  Upper 
Pliocene.  The  teeth  are  very 
like  those  of  man.  The  fe- 
mur also  is  very  human,  but 
shows  same  resemblance  to 
that  of  the  gibbons.  Its  size, 
however,  ini^cates  an  animal 
whiph  stood  when  erect  not 
less  than  five  feot  six  inches 
high.  The  skullcap  is  very 
human,  but  with  wry  promi- 
nent eyebrow  ridges,  like 
those  of  the  famous  Neander- 
thal cranium.  It  is  certainly  not  that  of  an  idiot.  It  had  an  estimated 
cranial  capacity  of  about  1,0U0  c.c,  that  is  to  say,  nmch  larger  than 
that  of  the  largest  ai>p,  which  [Mssesses  not  more  than  000  c.t.  The 
crania  of  female  Australians  and  V'eddahs  measure  not  morclhiin  1,100 
C.C.,  some  even  leas  than  1,000  c.c;  but  as  these  ^Vddah  wunien  stand 
only  about  four  feet  nine  inches  high,  the  computed  cranial  capacity 
of  the  much  taller  I^thecanthropus  is  comparatively  low  indeed." 

The  impreasions  left  by  the  cerebral  convolutions  are  also 
very  human,  more  highly  devfloped  than  in  the  recent  apes. 
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EvoLiTioN  .o;d  animal  lift: 


It  13  stated  tlmt  in  tlio  discussion  at  Leyden,  wliprv  I)f 
Du  Bois's epeeimcns  wpre  first  exhibited,  "three  of  ihe  tw-i*lv 
e\(>orts  present  hrld  tlmt  tin-  fosaj  remdns  belttik^ed  to  »  Ut\ 
race  of  iiian;  three  dcrUred  tliptn  to  1x^  thorn  of  a  manlike  ap 
of  ^renl  si«e.  the  r(^>st  raainl^n(<d  that  ttiey  bekmgfd  to  ■ 
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intermediate  form   which   directly   connected    primitive    mi 
witli  the  anthropoid  apes."     (Haerkel.) 

Of  the  several  early  relics  which  are  distinctly  human,  tl 
Neanderthal  skull,  found  by  Professor  Schaffhausen  in  a  lini 
stone  cave  in  the  Neanderthal,  near  Diisseldorf.  is  the 
notable.     This  skull  represents  llie  most  primitive  and  li 
(•jjccialiaed  of  any  skull  type  known  to  l>e  distinctly  hi 
II  has  therefore  been  recently  named  as  a  distinct  speciM 
niiin.  Homo  neanderlhalensit. 

According  to  Huxley,  this  type  of  man,  whilii  oertain 
simple,  primitive,  and  doubtless  extremely  barbarous  is,  nuvi 
theless,  wholly  human.  It  shows  no  distinctly  pitheccud  ohi 
acters,  and  it  belongs  clearly  to  the  genus  Homo. 

Another  skull  of  great  aniiiiuity  comes  from   a  cave 
Hngis  in  the  valley  of  the  Meuse,  and  is  known  as  ihe 
skull.     This  was  found  associated  with  bonRS  of  the  mamma 
and  of  Ihe  woolly  rhinoceros.    Tliis  also  is  extremely  primitr 
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suggesting  the  skull  of  an  Ethiopian.     It  is,  however,  more 
like  that  of  recent  man  than  is  the  Neanderthal  skull. 

The  comparison  of  the  different  races  of  men  through  the 
methods  of  the  science  of  ethnology  throws  much  light  on  the 
relations  of  the  races  to  one  another,  but  casts  little  light  on 
the  origin  of  the  genus  Homo.  This  study  considerably  in- 
creases the  number  of  primitive  races  beyond  the  three  stems 
usually  recognized  or  the  four  named  by  Linnicua.  The  form 
of  the  skull,  the  color  of  the  skin,  the  character  of  the  hair,  End 
the  traits  of  language  have  given  rise  to  the  technical  nomen- 
clature of  numerous  more  or  less  well-defined  groups.     These 


races  of  men  limited  by  geographical  segregation  run  more  or 
less  distinctly  parallel  to  the  racew  or  goographical  siil)spccips 
within  widely  distributed  s|)ecies  of  animals.  Our  knowledge 
of  the  origin  of  man  as  derived  from  etiinnlogy  is  thus  summci 
up  by  Huxley:   "Ho  far  as  the  light  is  bright  it  shows  him  sub- 
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Btantiatly  as  he  is  now,  and  when  it  grows  dim  it  permits  us  to 

see  ho  sign  that  he  was  other  than  he  is  now." 

The   gradual   development   of   man   from    nomadic   ap«; 

the  gradual  effect  of  the  prolonged  Infancy  of  his  young  in  the 
holding  of  the  family  to- 
gether; the  altruistic  trans- 
formation of  the  family  into 
the  patriarchal  and  tribd 
8>-stcms ;  the  gradual  in- 
crease of  the  power  of  ch<wre 
among  instincts,  a  develop- 
ment which  at  last  plarra 
intellect  above  instiDct.  the 
use  of  fire  and  the  use  of 
tools,  the  growth  of  siirerh 
and  its  reaction   upon   Intel- 

^t^^^t:^jrw^nr:'J:Z^-    "««""''     'i«     invention     of 

■tt«  ProfBwir  FraipODlV  ph..I  wmpl.  of      'Tlting,    effects    of     thp      SU- 
IhfnrLgiHiilirithf  tuusemnll-Liitt.)  prcmacy    of     tllC    Strollg  — !.ll 

these  mattpm  afford  hircc 
range  fur  s]«'(-ulutic»n  and  some  opportunity  for  direct  invfvti- 
Rati<ni-  Hut  the  cssontial  fact,  the  kinship  of  man  with  the 
lower  fiiriiis.  uuii  liis  divergence  from  them  thnxigh  the  iii>era- 
tioii  of  natural  laws,  forces  and  conditions  more  or  less  jier- 
fcctly  unihTstuod,  all  this  must  now  be  taken  as  settled  by  the 
invcstitralions  and  dis- 
coveries of  Darwin  and  his  ^ — '^ngis 
coworkiTs  jiiid  siicccKwors. 

AssuiniiifT  tliiit  the  gene- 
alogy <if  man  can  lie  traced 
through  tlu"  anthri>iH>id3 
and  the  dl.l-World  nion- 
kcy.i  t(i  llic  Irnnirs,  how 
much  fiirllier  can  we  go? 
Apparently  tlic  lemurs  rep- 
resent an  early  iifTslioot 
from  tlx'  miinuiialian  sloek. 

the  rii'.iresl  jMiirit  nf  juncture  iK-ing  the  order  of  marsupials,  nnw 
sii  lartiely  reprc^entcil  in  .\iistniiia.  Certain  extinct  leniurian 
genera  are  more  distinctly  primitive  than  any  of  the  living 
furni.<.     The  marsupials  are  connected  with  the  primitive  group 


208.'— DiAcrmmnul 
pnrfilfli  of  rrania  of  I»r 
|Ari»l.«u>rmanl.) 
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of  reptile-mammals,  the  Monotremes  (OmithorhynchuSf  Tachy- 
glossus),  now  also  represented,  although  scantily,  in  Australia. 
The  Monotremes  may  be  assumed  to  be  derived  from  reptilian 
stock,  perhaps  from  ancestors  of  the  three-eyed  lizards  of  New 
Zealand,  known  as  Sphenodon  or  Hatteria.  Behind  these 
lizards  we  certainly  find  the  primitive  amphibians  or  mailed 
frogs  and  behind  these  the  group  of  lung-bearing  fishes,  known 
as  fringefins  or  crossopterygians.  These  fishes  were  originally 
derived,  no  doubt,  from  sharks,  and  the  sharks  may  have 
come  from  wormlike  forms  through  intermediate  groups  which 
find  their  nearest  modern  homologues  in  the  lamprey  and 
lancelet,  and  possibly  in  the  wormlike  acorn-tongue  or  balano- 
glossus,  a  creature  which  to  a  soft  wormlike  body  adds  the  gill 
slits  of  a  vertebrate  and  a  trace  of  a  primitive  backbone  or 
notochord.  Haeckel  goes  on  with  confidence  to  show  the 
derivation  of  one  type  of  worm  from  another,  of  all  from  allies 
of  the  hydra  and  volvox,  then  from  the  one-celled  amoeba, 
and  at  last  from  the  still  more  primitive  monera,  a  micro- 
scopic bit  of  protoplasm.  But  with  every  step  backward  the 
genealogy  grows  more  and  more  hypothetical.  All  sorts  of 
possibihties  open  at  every  turn  and  positive  proof  is  necessarily 
lacking.  The  gill  slits  and  the  primitive  notochord  of  the  human 
embryo  leave  little  doubt  that  man  in  common  with  all  other  ' 
vertebrates  had  a  fishlike  ancestry.  In  the  line  of  this  ancestry 
must  have  lain  the  extinct  crossopterygian  fishes,  but  behind 
this  there  is  room  all  the  way  for  serious  doubt  and  questioning. 

This  much  is  certain,  man's  place  is  in  nature.  He  is  part 
and  parcel  of  nature,  and  the  forces  that  still  act  on  flower  and 
bird  and  beast  are  the  forces  by  which  the  central  energy  of 
the  universe,  whatever  its  name  or  definition,  each  day  "  in- 
stant Iv  and  constant Iv  renews  the  work  of  creation." 

Objections  have  been  raised  to  the  theory  of  the  descent  of 
man  from  the  lower  prfmates  on  grounds  supposed  to  find  their 
sanction  in  theology.  Such  objections  have  no  standing  in 
science.  In  Darwin's  words:  "Theology  and  science  must  each 
run  its  own  course  and  I  am  not  resjwnsible  if  their  meeting- 
point  be  still  afar  off."  In  the  long  run,  theology,  with  other 
forms  of  philosophy,  must  adjust  itself  to  harmonize  with 
ascertained  truth.  The  origin  of  man  is  not  a  question  of  per- 
sonal preference  nor  one  t(;  be  decided  by  a  majority  vote.  The 
only  question  is  as  to  what   is  true.     "Extinguished  theolo- 
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gians/'  Huxley  teDs  us,  ^lie  about  the  cradle  of  every  amnce 
as  the  strangled  snakes  beside  that  of  the  infant  Hereules." 
Looking  along  the  histwy  of  human  thoui^t,  we  see  the  attempt 
to  fasten  to  Christianity  each  decaying  belief  in  sdenee.  Ehrcry 
jEuling  scientific  notion  has  claimed  orthodosgr  for  itself.  That 
the  earth  is  round,  that  it  moves  about  the  sun,  that  it  is  old, 
that  granite  ever  was  melted — all  these  bdiefs,  now  part  of  our 
common  knowledge,  have  he&i  declared  oontraiy  to  rdigioD, 
and  Christian  men  who  knew  these  things  to  be  true  have  suf- 
fered all  manner  of  evil  for  their  sake.  We  see  the  hand  of  the 
Almi^ty  in  nature  everywhere;  but  everywhere  he  works  with 
law  and  order.  We  have  found  that  even  comets  have  orbits; 
that  valleys  were  dug  out  by  water,  and  hiUs  worn  down  by 
ice;  and  all  that  we  have  ever  known  to  be  done  on  earth  hu 
been  done  in  accordance  with  law. 

Darwin  says:  "To  my  mind  it  acecnrds  better  with  what  we 
know  of  the  laws  impressed  on  matter  by  the  Creator,  that  the 
production  and  extinction  of  the  past  and  present  inhabitants 
of  the  world  should  have  been  due  to  secondary  causes,  like 
those  determining  the  birth  and  death  of  an  indi\idual.  WTien 
I  \iew  all  l^eings,  not  as  special  creations,  but  as  lineal  descend- 
ants of  some  few  beings  who  lived  before  the  first  bed  of  Silurian 
was  deposited,  they  seem  to  me  to  become  ennobled.  There 
is  grandeur  in  this  \new  of  life,  with  its  several  powers  ha\ing 
been  originally  breathed  by  the  Creator  into  a  few  forms  or 
into  one.  and  that  while  this  planet  has  gone  cycling  on  accord- 
ing to  the  fixed  law  of  g^a^^ty,  from  so  simple  a  beginning, 
endless  forms  most  beautiful  and  most  wonderful  have  been 
and  are  being  evolved." 

With  the  growth  of  the  race  has  steadily  grown  our  con- 
ception of  the  omnipotence  of  God.  Our  ancestors  felt,  as  many 
races  of  men  still  feel,  that  each  household  must  have  a  god.  of 
its  own.  for.  numerous  as  the  greater  gods  were,  they  were 
busy  with  priests  and  kings.  Men  could  hardly  believe  that  the 
Gixl  of  their  tribe  could  be  the  God  of  the  Gentiles  also.  That 
He  coukl  dwell  in  the  temples  not  made  with  hands  removed 
Him  from  human  sight.  That  there  could  be  two  continents 
w:u!  divnuxl  im|.H>ssible.  for  one  God  could  not  watch  them  lx)th. 
That  the  earth  was  the  central  and  sole  inhabited  planet  rested 
on  the  same  limiteil  conception  of  God.  That  the  beginning 
of  all  things  was  a  few  thousand  years  ago  is  another  phase  of 
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the  same  limitation  of  view,  as  is  the  idea  of  the  special  mechan- 
ical creation  for  every  form  of  animal  and  plant. 

A  Chinese  sage,  whose  words  remain  though  his  name  be 
lost  in  mists  of  the  ages,  has  said:  ''He  cannot  be  concealed: 
He  will  appear  without  showing  Himself,  effect  renovation  with- 
out moving,  and  create  perfection  without  acting.  It  is  the 
law  of  heaven  and  earth,  whose  way  is  solid,  substantial,  vast, 
and  unchanging." 
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Adinocephalus  oligacanihus  (illu8.)» 
216. 

Adaptation,  56,  327;  categories  of, 
328. 

Aid,  mutual,  369. 

Allen,  J.  A.,  136,  206. 

Altmann,  theory  of  protoplasmic 
structure,  250. 

Amaryllids,  sports  of  (illus.),  103. 

Amblystama  opacum  (illus.),  20. 

Amitosis,  252. 

Amoeba  eating  one-celled  plant 
(illus.),  31;  moving  (illus.),  30; 
polypodia  f  stages  of  fission 
(illus.),  31;  reproduction  of, 
213;  (illus.),  214. 

Amphimixis,  154. 

Analogy,  between  variations  in 
species  and  in  languages,  325; 
defined,  173;  in  wings  of  ani- 
mals, (illus.),  173. 

Anaphase,  defined,  256. 

Andrena,  nest  of  (illus.),  384. 

AndricuB  califomicus,  galls  pro- 
duced by  (illus.),  342. 

Anemone,  sea,  with  algae  in  body 
wall  (illus.),  377. 

Anottia  plexippus  and  its  mimic 
(illus.),  422;  metamorphosis  of 
(illus.).  235. 

Antlion,  larva,  excavating  pit 
(illus.).  330. 

Ants,  castes  of  (illus).  391;  com- 
mensal lif«'  with  aphids,  374; 
communal  life  of,  391;  nest  of 
(illus  ).  392;  (illus),  393;  social 
parasitism  of,  375;  symbiosis 
with  plants,  377. 


Apes,  anthropoid,  classification  of, 
454;  ears  of  (illus.),  174. 

Aphids,  conmiensal  life  with  ants, 
374. 

Appendix  vermiformis,  of  kangaroo 
and  man  (illus.),  179. 

Apple,  hybridized  mosaic  (illus.), 
101;  seedlings  of  the  Williams 
Early  (illus.),  102. 

AquUa  chrysdetua  (illus.),  44. 

Arhacia^  extra-ovates  of  (illus.) ,  281 ; 
viridiSf  regeneration  in  (illus.), 
282. 

Archaopteryx  lithographica  (illus.), 
302. 

A8cari8  megalocephcHaj  spermato- 
genesis of  (illus.),  264;  (illus.), 
265;  (illus.),  271;  var.  uni- 
valena^  cell  division  in  (illus.), 
258. 

Ascidian  (illus.),  42;  (iUus.),  364. 

Asters,  defined,  254. 

Atavism,  166. 

Australia,  rabbit  and  other  plagues 
of,  65. 

Aythya,  family  of  (illus.),  443. 

Barnacle  (illus.),  365;  metamor- 
phosis of  (illus.),  234. 

Barriers,  geographic.  316;  influences 
of  geographic,  128. 

Battranion  conHrictor  (illus.).  43. 

Hattilarrhia  arrhippus,  mimicking 
Afuma  (illiiH.),  422. 

Buttw.  H.  W..  402. 

Bateson,  Wm..  141,  147.  148.  192. 

Bat  tick,  wingless  (illus.),  351. 

Beavers  making  nests  (illus.),  437. 
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Beefaunp.  tbeor?  of  protopl&siiut   ' 


Bee,  r»rpaiUi.  not  of  (illue.).  3S4: 
nnDiiif;.  nest  of  (Uhis.),  38i; 
•tn»L  3&t;  aoblarj,  383. 

Beetle,  Cklifbrtua  flower,  ftppArmt 


potygoo 

putoB  of  (lUiu.).  I^:  (iUus.). 

tSSi  OHbb.),  154;  i-Bristioa  ia 

pattern  of,  134. 
Beetle,  fare  leg  of  naW,  of  water 

(Bins.),  73;  ioag-bomed  boring 

(aiiH.),   12:  (illus.).  41;  sc&n- 

bdd  (iOus.).  72. 
Bell.  R.  a.  85.  142.  192. 
Bed.  Tboo..  402.  417. 
BenicB.  Burbank's  work  with,  93. 
Benboh),    itiFOiT    of   protoplasiuc 

(tmcture.  250. 
Betk.  &.,  428. 
BioiKMiucs.  ckfonl.  I. 
lof  W, 

lilliu.),  221. 
Bitlcm,  AiDenean,  younf;  of,  show- 
ing tear  of  man  (iUtu.).  436; 

Aowing  no  feai  of  man  (illus.}, 

435. 
BUcbmak^  (illus.),  43. 
BlastudenD.  22S. 
Blast  ula.  228. 

Blindn^Ms,  in  fisbra  (illus.),  IW. 
Blue  jay.  iwstlings  of  (illus. ).  442. 
Bon«s.  bomulugics  of,  in  vertpbrale 

bands   (illus.),   169;    in   \-erte- 

brate  limbs  (iUus.),   170,   171, 

172. 
Boymen.  H.  B..  451. 
BnwcT,  Km..  201. 
Briille  stais  (iltus.),  14. 
Brootv.  W.  K..  1,  57,  16S,  197.  244. 
Budding,  Tpprodurtioo  by,  2IS. 
BuffoD,     theory     of     pnitoplaamic 


■.2S0, 


Bumblo  hw  (illus,),  3S5;  communal 

lifr  of.  DA*. 
BurUnk,     I.,    SO,    W),    91,     195; 


itiGc   asptvia  of  hia  woiii, 


Bmt«rfly  fish  (illus.),  420;  Monarch, 
in«Lamorpho«is  of  (illua.),  235. 


Cactua,  hybrid  seedlings  of  (iltua.). 


'   CoIrofynMM  primigmiu*  (illus.), 30. 
Callorhinu*    alafcanui.     family    of 


gnui,  sbowini;  twcfmd- 

ary  MSiial   characters   (illua.), 

74. 
Campanotus  (tlluB.),  391. 
Cankerwonn  moth,  sbowin^  sexual 

dimorphism  (illus.).  222. 
Carrtienum  sp.  (illus.),  34. 
CanUnatui  VirginiaJiun,  dia«;ram  of 

variation  in,  1.16, 
CaAmea  vata,  vaiiation  in  leavi* 

of,  159. 
Castle.  W..  192. 

Caterpillar,  parssitited  (illus.).  360. 
Cattle,  British  breeds  of  (illus.).  8fi. 
Cecropia  tree,  with  ants  (illus. 1. 379, 
Cell,   30;    e^,   224;    fission    of,    in 

salamander  (illus.).  255;  melo- 

tic  divLrfon  of,  deiicribed.  253. 
Cdls.  diffeient  types  of  (illus.).  29; 

sex,  21S. 
Ccphftlopods  (illus.).  40. 
Crralina  dupla,  nrat  of  (illus.).  384. 
Centiium  (illus.).  207. 
Cem>pilhery»  (illus.).  446. 
Ckalodon  vagabtinduK  (illus.).  420. 
CTbaraetets,  illustrations  of  arvjuind, 

198;   inheritance   of   acquired. 

196;  secondary  sexual,  72. 
(Theetnut,    variation    in    Leaves    of 

(illus.),  159. 
Child.  C.  M..  252. 
Child,  with  Hi.\   toefl  on   each   foot 

(illus.),  147. 
Chimpaniee.  foot.  skelHon  of  eora- 

pnml  with  that  of  ninn  (lilus.i. 

4.53:    plan   of,   compared   wilb 

that  of  man  (iUuh.),  450. 
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Chipmunks  of  California,  classifica- 
tion of,  117;  (illus.),  118. 

Chromosomes,  defined,  253. 

Chrysopa,  eggs  of  (illus.),  226. 

Cicada  ^  variation  in  tibial  spines  of, 
134;  scptendecenif  variation  in 
tibial  spines  of,  136. 

Cladonotus  hwnbertianua  (illus.), 
409. 

Classes  of  animals,  35. 

Classification,  determined  by  homol- 
ogies, 173;  of  animals,  33. 

aeavage,  228. 

Coccidium    lUhcbii,    life    cycle    of 

(illus.),  352. 

Coccidium  otfiforme  (illus.),  216. 

Cock,  white-crested  black  Polish 
(illus.),  81. 

Cockerel,  silver-laced  Wyandotte 
(illus.),  82. 

Cockroach,  egg  case  of  (illus.),  340; 
showing  variation  in  number  of 
tarsal  segments  (illus.),  149. 

Ck>lor,  in  animals,  398;  in  organisms, 
how  produced,  403;  in  protec- 
tive resemblance,  400;  in  sexual 
selection,  400;  uses  of,  399. 

Coloration,  directive,  419. 

Colors,  warning,  416;  table  of  insect, 
405. 

Commensalism,  370. 

Communism,  369,  385;  advantages 
of,  397;  basis  and  origin  of,  395. 

Conditions,  primary,  of  life,  38. 

Conjugation,  of  nodiluca  (illus.), 
220;  of  VoriiceUa  nebxdijera 
(Ulus.),  221. 

Conklin,  E.  G.,  70,  199,  201.  2a3. 

Convergence  of  characters,  204. 

Cope,  E.  D.,  55.  197. 

Cordyreps,  growing  on  a  caterpillar 
(illus.).  363. 

Com,  showing  results  of  hybridiza- 
tion, 194. 

Correns,  E.,  192. 

Coucs,  E.,24,  119. 

Crab,    fiddler    (illus.),    3«;    hermit. 


commensal  life  with  polyps 
(illus.),  373;  (illus.),  374;  meta- 
morphosis of  (illus.),  238. 

Cramer,  F.,  11. 

Cricket,  mole  (illus.),  344;  (illus.), 
345. 

CroUUua  adamanteua  (illus.),  16. 

Crustacea  and  their  larva  (illus.), 
365;  parasitic,  358. 

Crypiameria  japonica,  atavistic  vari- 
ation of  (illus.),  160. 

Cucumaria  sp.  (illus.),  19. 

Cucumbers,  sea  (illus.),  19. 

Cuenot,  L.,  185,  191,  192. 

Cunningham,  J.  T.,  201. 

CyanociUa  cristata,  nestlings  of 
(Ulus.),  442. 

Cycle  of  life,  240. 

Cyclops,  maturation  in,  272;  matura- 
tion of  eggs  of  (illus.),  263. 

Cypselurus  (illus.),  335. 

CyrtophyUus  crepitans  (illus.),  401. 

Dall,  W.,  197,  206. 

Darbishire.  W.,  192. 

Darwin,  C,  9,  22,  48,  60,  63,  67,  68, 
71,  76,  80,  137,  141,  196,  250, 
311,  466,  467,  468. 

Darwinism,  defined,  48. 

Davenport,  C.  B.,  192. 

Death,  241. 

Decapod,  showing  extraordinary  re- 
generation (illus.),  147. 

Deer,  head  of,  showing  variation  in 
horns  (illus.).  146;  horns  of, 
interlocked  (illus.),  438. 

Degeneration,  347;  by  quiescence, 
363. 

Delage,  Y.,  29,  46,  252. 

Descent,  theory  of,  10;  theories  ut 
control  of,  108. 

Determinants  of  Weismann,  251. 

Development.  224;  divergence  in, 
230;  embryonic,  227;  experi- 
mental, 244;  first  stages  in 
embryonic  (ihus.).  227;  of 
flounder  (illus.),  240;  of  Mon- 


unh  butletfly  (illus.),  235;  of 
the  pnmn  (tllus.).  232;  of  ailk- 
wi>nii  moth  |illua.>.  '23&:  ol 
swordfisb  (illiis.),  239;  poet- 
einbryoiiic.  234;  sig:nificance  of, 
232. 

DevUAafa  {>llus->.  40. 

De  VrieB.  H.  H..  54.  Ill,  11-t.  146, 
187.  192.  193;  work  of,  on 
(Eootheraa,  157. 

Diabrtjiica  laror,  apparent  deloimi- 
na<e  vanalion  in.  152;  frequen- 
cy polygon  of  %-ariation  in 
(illua.).152;  (illus.,.  1 53;  (Ulus), 
154;  varialion  in  pattern  of 
(illiu.),  134. 

Dia/Atronxera  jemorota  (iltiis.),  412. 

Dickinaon,  Sidney,   65. 

DufelpJhya  virginiana  (illue.),  46. 

Simorplitani,  sexiui,  221. 

Dimorphodon  maeronyr,  restoration 
of  (illua.).  293;  (iU.iH,),  294; 
(illuB.),  295:  (illuB.).  296;  re- 
msinsof  (illus,).  291. 

Ditchidia,  with  ant  colonies  (illus), 
378. 

Distribution,  geographic,  309. 

Dog,  pointer  (ilius.),  431. 

Dogs,  prairie  (iUus.),  383. 

Douglas.  N.,  79. 

Dram  (illua.),  306. 

Dragon,  flying  (illus.),  300. 

Drepanids.  classiltcatioD  and  dis- 
tribution of,  in  Hawaii,  124. 

Driesch,  H.,  27S,  279. 

Du  Bob.  E.,  462.  464. 

Diirigen,  79. 

!>}itiruii,  fore  leg  of  male  (iUuB.),  73. 

Eagle,  golden  (illus.),  44, 

Kars  of  apes  and  man  (illus.),  174. 

Earthworm,  regeneration  of  (illus,), 
2S4. 

Eaalniftn,  C.  W.,  292. 

Eehinta,  cleavage  in  coleium-free 
water  (illus,),  280;  mirrntulier- 
cuJafuH.gustrub  of  (illus.)  279; 


miiTottibeTtiilatu»,  ncmnal  InrYa 

af(iU.».),275. 
EctobluBl,  22fS. 
EfK  wll.  224;  rtf  sai-utvbin  (illw.  >. 

24S, 
EgKH  o'  Chryiopa   (Ulua.),  226;  of 

various  animals  <illus-],  225. 
Eigenntann,  C,  179. 
Eimer.  T..  65.  197. 
Embryo,  human,  foot  of,  460. 
Emersnn.  R,  W..  452. 
Emery,  C  .■S4. 
Encasement  theoiy,  2.  249. 
Endoblast.  228. 
Epigenrais.  276. 
Epigcnetic  theory,  3. 
ErHmoitMyt  inArinUa  (iUilA, ) .  43, 
Eryale*  sp.  (illus.),  41, 
Enfnmu   mttnitoba,    dtstribution   of 

(illus.).  310. 
Eutamia,  in  Califorais,  ctaHificalion 

of,  117, 
Evolution,   biologic,   6;    cosmic.  6; 

defined,    1;   factors   of.    4S;   in 

philosophy,  2;  LaniarckiKn,  55; 

mechanism  of,  4K;  ortboKenetic, 

55;  Spencer's  definition  of,  S; 

the  unknown  factors  of.  1 15. 
Existence,  stniggle  for.  57,  GO. 
EioartM  (illus.).  335, 
Extra-ovatFS   of   Ariiacia    (illus.), 

281. 
Eye,  human  (illus.),  462;  piDc«l,  o( 

homed  toad  (illus.), 17G;  pineal, 

of  lizard  (illus.),  175. 

Factora,  exiriiisic.  in  de\'elopnieDt. 

245;  intrinsic,  in  dt-velopmniL, 

245;  the  unlcnown,  of  evoluUoa, 

115, 
Fauna.  316;  Baasallon,  323;  littonl. 

324;  pelagic.  323. 
Feeding,  instincts  of.  432. 
Fertilitation    (illus.),   2li7;    (iUus.), 

268;  of  Petromyum  flufiaiDis 

(illus.),  219. 
Fishes,  adnptations  of,  3.12;   blind 
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(illus.),  180,  204;  flying  (Ulus.), 
335;  migrations  of,  340. 

Fish  louse  (illus.),  350. 

Fission,  reproduction  by,  213;  (il- 
lus.), 214. 

Fittest,  survival  of,  62. 

Flatworm,  regeneration  of  (illus.), 
285;  (illus.),  286. 

Flounder,  development  of  (illus.), 
240. 

Flower  bug,  variation  in  pattern  of 
(illus.),  135. 

Flowers,  varieties  originated  by 
Burbank,  98. 

Focke,  192. 

Fol,  H.,  theory  of  protoplasmic 
structure,  250. 

Foot,  of  horse,  evolution  of  (illus.), 
177;  of  human  embryo  (illus.), 
460;  of  mammals,  hology  of 
digits  of  (illus.),  178. 

Forel,  A.,  394. 

Fossils,  17,  290. 

Fowls,  skulls  of  (illus.),  88. 

Friedenthal,  460. 

Frog,  male  carrying  eggs  on  back 
(illus.),  73. 

Galls  (illus.),  341;  (illus.),  342. 

Galton,  F.,  165. 

Gasterosteus,  207;  calaphradua  (il- 
lus.), 209. 

Gastrula,  228. 

Gaiidry,  A.,  298. 

Gauss,  141. 

Geddes,  P.,  1. 

Gelasimus  sp.  (illus.),  38. 

Genealogy  of  animals,  36. 

(veneration,  211;  spontaneous,  42, 
212. 

(jreography,  relation  of  species  to, 
311. 

Geology,  table  of  ages  of,  298. 

Georqine,  variation  in  inflorescence 
of  (illus.),  161. 

Geranium,  improvement  in  (illus.), 
103. 


Germ  cells,  theory  of  the  purity  of, 

191. 
Gilbert,  C.  H.,  303. 
Gill  slits  of  vertebrates,  179. 
Goethe,  W.  von,  1,  48,  163,  289. 
Gongylus  gongyloidea  (illus.),  415. 
Gonium  pedarale  (illus.),  34;  (illus.), 

261. 
Gorilla  (illus.),  456;  face  of  (illus.), 

457;  head  of  (illus.),  457;  young 

(illus.),  458. 
Gray,  A.,  197,  326. 
Gregarina  polymorpha  (illus.),  216. 
Gregarinidffi,  reproduction  in  (illus.), 

216. 
Gregariousness,  380. 
Grus  americana  (illus.),  20. 
Grosbeak,     cardinal,     diagram     of 

variation  in,  136. 
Gryllotalpa  (illus.),  344;  (illus.),  345. 
Gulick,  J.  T.,  123. 

Haase,  E.,  423. 

Haeckel,  E.,  32,  197,  289,  457,  463, 

464,  466,  467. 
Hair  covering   of  human   embryo 

(illus.),  174;  covering  of  Russian 

dog-man  (illus.),  174. 
Hawaii,  classification  and  distribu- 
tion   of    Drepanidffi    of,    124; 

distribution  of  land  snails  of, 

123. 
Henneguy,  L.,  260. 
Henslow,  G.,  124. 
Heredity,    53,    163;    defined,    163; 

laws  of,  184;  Mendel's  law  of, 

187. 
Heriitzka,  279. 
Hermaphroditism,  223. 
Heron,  flying  (illus.),  24. 
Hertwig,  O.,  278. 
Hcterogenesis,  54;  theories  of,  114; 

theory  of,  156. 
Hippodamia  convergcns,  aberrations 

of,  130;  variation  in  pattern  of 

(ilUi«.),  132;  (illus.),  133. 
Hog,  wild  and  domestic  (illus.),  89. 
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Hnlophrya  malUfllii*.  reproducing 
by  sponiUtbn  {illus.).  215. 

Homolt^ice,  defiiiMl,  172;  o{  bones 
in  vertebrate  hands  (illus,), 
160;  of  bones  in  vprtebrate 
limbs  (illus.).  160,  171,  172;  of 
digits  of  feet  of  mammalB 
(illus-).  178;  of  tail  of  man,  179. 

Homo  mpifm,  454, 

Honey  bee  (illus.),  387;  brood  cells 
of  (illua.),  389;  communal  life 
of,  387;  pollen  carrying  1^  of 
(illuB.),  3*18;  wing,  hoots  of 
(illus.).  ISS;  wings  of  drone, 
showing  variation  (illus,),  15d; 
(illus.),  156. 

Hooker,  Tta..  65. 

Horae,  changes  in  foot  of,  in  geologic 
time  (illua.),  303;  evolution  of 
foot  of  (illus.),  177;  hybrid  of, 
with  Eebra  (illus.).  183. 

HoTses,  trolling,  heredity  in,  168. 

Huber.  394. 

Human  embryo,  head  of,  showing 
embryonic  bair  covering  (illus.), 
174. 

Humcrtis.  end  of,  of  various  animals 
(illus.),  462. 

Bumming  bird,  male  and  female 
(illus.),  71;  RufuH,  neat  of  eggs 
of  (Ulus.).  441. 

Huxley.  7.  25,  26,  64,  197,  309.  426, 
457,  459,  460,  468. 

Hyatt.  A.,  197. 

Hybrid  colt  of  horae  and  aebm 
(illus.),  183. 

Hybridisation,  88,  1.54. 

Hydra  vulgaHi  (illus.),  35. 

Hyla  ngila  (illus.),  344. 

Icerya  purchasi,  62,  64. 
Ichneumon    laying   eggs  in  cocoon 

(illus.),  359. 
Idilhyophit  ghitinoxut,  eggs  earned 

by  (iUus,),  338. 
ldmi».  distribution  and  claseifica- 

tion  of  American  species  of, 


128;  galbiila,  diagmm  of  vaiu- 
twin  in.  137. 

Idioplasm  of  Nageli,  2>^1. 

Imbouba  tree  and  ants  (illus.),  37ft 

Inchwomi  (illus.),  411. 

inheritjince,  except  ions  to  Mendd- 
ian,  193;  experimental  studies 
of,  192;  Galtou's  law  of  an- 
cestral. 184;  modes  of.  181.  186; 
of  acquired  charactcre,  196. 

Inserts,  parasitic,  350;  special  adap- 
tations of,  340.      > 

Instinct,  426. 

Instincts,  climatic,  436;  envinoi- 
mental.  438;  of  care  of  youn|:. 
439;  of  courtship,  438;  of  re- 
production. 430;  terrifying.  431 ; 
variations  in,  442. 

Intellect,  443. 

Islands,  retstion  of  species  to,  312. 

Isolation,  53;  biologic.  109;  geo- 
graphic, hi,  117;  physiologic, 
54;  sexual,  54. 


Jack  rabbits,  showing  vDruttion  (il- 
lus,), 320. 
Jennings,  H.  S.,  429. 

Kallima  (illus.),  414. 
Kangaroo  (illus.).  339. 
Karyokinesis,  details  of,  explained. 

253. 
Katydid  (illus.),  401. 
Heeler,  C,  420. 
Kelvin,  Lord.  44. 
Korschinsky,  H.,  Ill,  114,  I5B. 

Larvria.  diagram  showing  varia- 
tion in  different  speciee  of.  130. 

Lacrrta  agiiii.  trgenemtion  of  (il- 
lus,), 2S6. 

l.adybird.  Australian  (illus.).  02,  M; 
beetles  (illus.),  416;  convergFDt 
variation  in  pattern  of  (illus. ), 
132;  (illus.).  133. 

Lamarck,  48,  55,  111,  196;  n-otu- 
tionaiy  principle  of.  IOC. 
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LamarckLsm,  111. 

Lankester,  197. 

Laveran,  352. 

Laws,  of  science,  9. 

Lecanium  olea  (illus.),  366. 

Lemur  furcifer  (illus.),  455. 

LepaSf  metamorphosis  of  (illus.), 
234. 

Lepomi8  megalotis  (illns.),  17. 

Lejjiodera  hyalina,  showing  sex 
dimorphism  (illus.),  224. 

Leptothorax  emersanif  nest  of  (illus.), 
393. 

LepuSf  species  of,  showing  differ- 
ences (illus.),  320. 

Lerema  acciuSf  distribution  of  (il- 
lus.),  310. 

Lemacera  (illus.),  359. 

Life,  duration  of,  240;  its  physical 
basis,  25;  origin  of,  42;  simplest 
expression,  25. 

Lilies,  Burbank's  work  with,  100. 

Lily,  improved  seedling  with  two 
petals  (illus.),  100. 

Lina  lapponica  (illus.),  194. 

Linckia,  regeneration  of  (illus.),  284. 

LinnB^us,  14. 

Lisard,  common  (illus.),  18;  pineal 
eye  of,  175;  regeneration  of 
(illus.),  286;  walking  (illus.),  22. 

Lizards,  diagram  showing  variation 
in,  139. 

Locust,  on  sand  (illus.),  401;  red- 
legged,  variation  in  tibial  spines 
of,  133;  (illus.),  136;  seventeen- 
year,  variation  in  tibial  spines 
of  (illus.),  136. 

Locusts  of  (lalapagos  iHlands,  show- 
ing variation  (illus.),  313. 

Loeb,  J.,  280,  428,  429. 

Loligo  pealii  (illus.),  40. 

lA>phortyx  califomicus  (illus.),  15. 

Lucas,  428. 

Lyell,  C,  80. 

Macfarlund,  F.  M.,  253. 
MacropuH  rufus,  339. 


Malaria,  parasite  producing,  352. 

Malthus,  67,  68;  law  of,  67. 

Manmioth,  drawing  of,  on  ivory 
(illus.),  307. 

Man,  earliest  traces  of,  307,  464; 
embryology  of,  460;  foot,  skele- 
ton of,  compared  with  that  of 
chimpanzee  (illus.),  453;  gene- 
alogy of,  466;  Leanderthal,  re- 
mains of  (illus.),  465;  place  in 
nature  of,  451;  plan  of,  com- 
pared with  chimpanzee  (illus.), 
459;  profiles  of  crania  of 
primitive  types  of  (illus.),  466; 
races  of,  454;  Russian  dog,  hair 
covering  of,  175;  skull  of,  com- 
pared with  skull  of  orang-utan, 
(illus.),  452;  from  Spy,  skull  of 
(illus.),  466;  structure  of,  453; 
teeth  of,  compared  with  orang- 
utan (illus.),  454;  vestigial 
structures  in,  461. 

Man  and  apes,  ears  of  (illus.),  173. 

Mantis,  praying,  eating  grasshopper 
(Ulus.),  61. 

MarehaU,  G.,  418,  419,  423,  424. 

Mating,  cross,  186. 

Maturation  in  cyclops,  272;  of  egg  of 
Cyclops  (illus.),  263;  (illus.), 
265. 

Mayer,  A.,  79. 

McCook,  H.,  394. 

McCracken,  I.,  192;  experimental 
work  in  heredity,  194. 

McCulloch,  O.  C,  369. 

Mechanism,  276;  versus  vitalism, 
246. 

Melanerpea  farmicivorus  bairdti, 
acorns  deposited  in  tree  by 
(illus.),  432;  (illus.),  434. 

Afelanoplus  femur-rubrum,  variation 
in  tibial  spines  of  (illus.),  136. 

Melaphase,  defined,  254. 

Mendel,  G.  J.,  187;  experiments  in 
heredity,  182. 

Afercurialin  annual  variation  in 
leaves  of  (illus.),  159. 
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MerrUm.C.  H.  117. 

UncorhyTichua  if/iflylw-Aa.  t^-layine 

of,  59. 

{illua.),  234;  of  cmb  (illus.),238; 

Ontogeny.  211,  224;  fHclora  in,  24*: 

of   Monarch   butterfly   (illua.), 

first  stages  of  (iUus.),  227. 

235;  of  silkworm  moth  (illus.). 

Oogenesis.  264.                                              1 

236;  of  toad  (illuB.).  237. 

Opossum  (illug.),  4fi. 

MicellffiofNai^eli,  251. 

Opunlia,  hybrid  secxllings  of  (illus.),        | 

Microivmes  of  Bechwnp.  250. 

98. 

Mid-parent  of  Gallon,  105. 

Mimicry,  421. 

Mind,  448. 

nrnn  (iltus.),  452;  tooth  of,  eoni- 

Mito,  iti^h  (iUus.).  363. 

par^  with  man  (IIIiih.).  4.54. 

Mitoeis.  252;  details  of,  described. 

263. 

299;  smiplPst.  32. 

Moenkhaua,  89. 

Orpans,  vestigial.  174. 

Molecules,  orgnnip.  of  BufTon.  250. 

Oriole,  Baltimore,  diagram  of  varia- 

Monkey (iUue.),  446. 

tion  in,  137. 

Morgan.  146,  157. 

liun  of  American,  12S. 

Uuller,  F.,  40S. 

Mutation.  54, 131, 147, 187;  de  Vries 

luB.).  444. 

theoiy  of,  114. 

Mutiktiona,  not  inherited,  202. 

Ortummi.  A,  E.,  lOS, 

Myrmecophily.  372. 

Osbom,  H.  F.,  115.203.                           J 

Mymiica  acabnnodei,  nest  of  (illua.), 

Ostracoderm  (illus.),  305. 

393, 

Ostrich.  African  (illus.),  45. 

Myzoatoma  gMrum,  fcrtilixatiun  of 

Ovocyte,  defined.  264. 

egg  of  (illua.),  267. 

Oiogoniiun,  defined.  264, 

Oijrfrif/Mi   lal!ai,    reacting   to   colli 

Ni([eli.  47,  .55,  111,  197;  theory  of 

(illus,),  428. 

prolDplasmic  structure,  251. 

Narvine  braMIiengit  (Ulus.).  334. 

Packard,  A.  S..  197,  297. 

Neo-Darwini«m,  197. 

FagvTMs  bcmhardm,  (illus.).  374. 

Neo-Lainan^kism.  197. 

Paleontolo((y,  289. 

Newbigin.  M.  1.,  398. 

Palo  Alto,  stock  farm  of.  103. 

Xew  Zealand,  plaeut-s  of.  65. 

PandoHna  sp.  (illus.).  35. 

JVorWiHW,    «>njui»tion    of    (iUus.), 

Pangenesis  of  gemmules  of  DonriB, 

220. 

250. 

Namey*.  commensal  lite  with  Phy- 

Papilio  rrtsphonU*.  larva  of  (illui.), 

Miia  (iMm.).  372. 

322;  chrysatid  of  (illus.).  409. 

Number  of  young,  225. 

Faramcrrium  aurdia  (illus.),  33;  R- 

A'yam»ta(illus.).351. 

production  of.  216. 

Octopus     (illus.),     40;     punct*tu» 

349;    inl«mal.    348;    obliffiI4>, 

(iUus,),  40. 

(Enotkera    Lamarelnana,    de   Vrica' 

rary,  349. 

W(irk  on.  157. 

Parasitism,  347. 

V 

_ 

INDEX 


48o 


Parthenogenesis,  215;  artificial,  283; 

variation  in  animals  produced 

by,  155. 
Pasteur,  13. 

Pattern,  in  animals,  398. 
Pearson,  Karl,  185. 
PeUcanus    etythrorhynchus    (illus.), 

20. 
Pelican,  brown  (illus.),  329;  white 

(illus.),  20. 
Peneus  potimirium,  development  of 

(iUus.),  232. 
Peronea  criMana^  variation  in  wing 

pattern  of  (illus.),  148. 
Peiromyzon  fluviaiiliSf   fertilization 

of  (illus.),  219. 
Phaneus  mexitanus  (illus.),  72. 
Pheasant,  Aigus,  male  and  female 

(illus.),  75. 
PhUffetharUius    Carolina,    larva    of 

(illus.),  418. 
Phrynosoma  blaineviUei,  pineal  eye 

of  (illus.),  176. 
Phyla,  of  animals,  33. 
PhyUium  (illus.),  413. 
Phyllopteryx  (illus.),  415. 
Pkyaaliaf  commensal  life  with  No- 

mens  (illus.),  372. 
Physiological  units  of  Spencer,  250. 
Piddock  (illus.),  39. 
Pig(»ons,  races  of  (illus.),  87. 
Pimpla  coTujuigiior,  laying  eggs  in 

c(x»oon  (illus.),  359. 
Pipa  amrrirana  (illus.),  43. 
PipefiMh  (illus.),  415. 
Pithecanthropus  ereciuM,  402;  remains 

of  (illuH.),  403;  (illus.),  404. 
Planaria   lugubrin,   n'gcneration   of 

(illus.),  2H5;  (illus.),  280. 
Plants,    living    .symbiotically    with 

animals,  370;  number  of,  10; 

parasitic,  302. 
Plate,  L.,  77. 
Plateau,  424. 
Plum  and   its  parent   (illus.),  93; 

plumcot,  types  of  (illus.),  92; 

seedlings  from  (illus.),  92. 
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Plums,  Burbank's  work  with,  92. 

Podocoryne  camea  (illus.),  373. 

Polar  bodies  (illus.),  270. 

Poljrp,  fresh  water  (illus.),  35. 

Polyps,  commensal  life  with  her- 
mit crab  (illus.),  373;  (illus.), 
374. 

Poppies,  Burbank's  work  with  fil- 
lus.),  99. 

Potato,  Burbank,  91,  92. 

Poulton,  E.  B.,  408,  419,  423,  424. 

Prawn  (illus.),  305;  stages  in  de- 
velopment of  (illus.),  232. 

Preformation,  270;  theory,  249. 

Prenatal  influences,  107. 

Pressure  of  atmosphere  in  relation  to 
animal  life,  40. 

Primates,  454;  classification  of,  455. 

Primroses,  evening,  de  Vries'  work 
on,  157. 

Prophase,  defined,  254. 

Protista,  32. 

Protophyta,  32. 

Protoplasm,  chemistry  of,  27;  phys- 
ical structure  of,  28,  247. 

Protozoa,  32;'  parasitic,  354;  re- 
production of  colonial,  210. 

Pterophryne  histrio  (illus.),  410. 

Pterichthyodea  milleri  (illus.),  305. 

Pygo8teus,  207. 

Pyrtis  japonica,  seedlings  of  (illus.), 
95. 

Quadrumana,  458. 
Quail,  California  (illus.),  15. 
Quetelet,  140,  141. 
Quince,  Japanese,  seedlings  of  (il- 
lus.), 95. 

Radl,  E.,  428. 

Raja  binocukUaf  egg  case  of  (illus.), 

337. 
Rambur,  13,  14. 
Rat,  kangaroo  (illus.),  13. 
Rattlesnake,  diamond  (illus.),  10. 
Reabn,  arctic,  318;  Australian,  322; 

holarctic,  319;  lemurian,  322. 


il,    321;    paleo-trop- 
PaUgcniian,  322. 
ignipbic  orgnnisms,  318. 


.->nt4on,285;  afblastulaofwa- 

archin   (illus.),  287;   of  rarth- 

Worm   (jllu*.),   284;   of  eye  of 

triWn  (illuM.),  287;  of  flutworiQ 

(Hlus.),    28.-;;    (illus.).   2S6;    of 

Hvdra  viriilu  (illus.),  2)42;  of 

ird  (illua.),  28G;  of  starfish 

IS.),  283;  of  SUtUor  dtnilrue 

u.).  282. 

Boni,  conimeneal  life  with  ohark 

(illus.).  370. 

(■roduction,  bj  budding.  215;  b;' 

sporubition,  215;  excess  in.  58. 

Rtsemblancc,  goniTal  prolwlhe. 
406;  spiTial  pnitective,  41 1 ; 
variable  proleclive,  407. 

Reversion ,  166. 

Rhiiolnitg  rmfrolu  (illus.),  366. 

Rkaiilea  tomb,  galls  producrd  by 
(illuB.),34I. 

Robituoii,  L..  461. 

Rticks,  BedimentarT',  how  deposited, 
293. 

Romanes.  G..  100,461. 

Rous,  W.,  70. 

Rtickert,  272. 


SattTiIina     (illus.),    365;    ~ 

parasite  of  crab  (illiis,),  35S. 
Salamander,  bluiit-noaed  (illus.),  20; 

cell  fission  of  (illus.),  255. 
SaJur  auriiax     puTpurra,   variation 

in  stamens  of  (illus.).  160. 
Salmo  iridtua  (illus.),  343. 
Salnion,  quinuat,  egg-laying  of,  59. 
Saltation,  54. 
Samia  efomdhi,  cocoon   of  (illuB.), 

332. 
SarcopUa  grabei  (illus,),  363. 


Sckle,  black  (ttlna.),  »W;  rotMoyl 

ruBbiuii,  62.  04.  I 

Scrloi'orui,  undatatiiM  (illua.),  IR        I 
SchafflMUWti,  46,  464.  1 

SrhiMocerca,  spH-la  ot.  Imni  (otla- 

p^oe   Islandit.  sliouitig   raria- 

tion  (illus.).  313. 
Schmidt,  P..  341t. 
Scorpion  (illus.),  331. 
Skulls  of  two  brenlanf  fowls  (tltia.), 

88. 
SrnMliKia  ryanm  (illuo.).  366. 
Sea  aiwiuuiic,  uiiatorny  of  (illu«>, 

36. 
Beat,   fur,    family   of    (illiu.),    MO; 

killed  by  imrMilio  wunn  (iUm-f, 

357. 
Se»-urcbin,  egg  cell  of  (illua,).  34fi; 

larva  of  (illus.),  375;  rt!gi!tuj»- 

tion  of  biastula  of  ((llaa.),  287..  a 


Sflectioii,artificiBl.  51.S0:aniririal,  . 
its  relation  to  evolution,  lOS; 
claimed  importance  of,  SO; 
natural,  57;  sexual.  51.  37.  71; 
sexual,  criticisms  of,  77;eexiikl, 
experinietital  stage  of,  79. 

Selcnka,  460. 

Splf-dcfenee,  iualincts  of,  43.^. 

Semper,  C,  131. 

ScpanitioD,  53. 

SerpCDt  star  (illus.),  H.  ^ 

Strphu»,  carrying  crrs  (illua.),  340.      I 

Sex,  211,  220;  cells,  218;  detennhM-    ' 
tion  ot,  170.  < 

Sexes,  numerical  relations  of.  I71X 

Sexual,  Mwondaiy  characters.  73. 

Sheep,   artificial    selection    of.   SI; 
Dorset  (illus.),  83;    Merino  (3- 
lus.),  85;  polled  Wd^  (iHiu.),    | 
83;    Rocky   Mountain    (illua.),    I 
382;  Southdown  (illua.),  81. 

Shelford,  423. 

Silkworm    moth,    developmeot    of 
(illus.),  236. 

Silkworms,  experiment*!  imriog  of, 
150. 
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Silva,  carmen f  167. 

Skate,  egg  case  of  bam  door  (illus.)f 

339. 
Slime  mold  (illus.),  32. 
Snails,    distribution    of    land,    of 

Hawaii,  123. 
Solenopsis  fuga,  nest  of  (illus.),  392. 
Species,  changing  with  space  and 

time,  18;  estimate  of  duration 

of,  302;  number  of,  14;  onto- 
genetic, 114. 
Species-forming,  117;  by  saltations, 

156;  various  theories  of,  108. 
Spencer,  Herbert,  5,  196,  197,  198; 

definition  of  evolution,  5;  theory 

of  protoplasmic  structure,  250. 
Spermatogenesis  of  aacaria  (illus.), 

264. 
Spermatozoa  Gl^us.),  218. 
Spermatozoan,      development      of 

(illus.),  266. 
Spermatozoid,  261. 
Spharechinu8  Echinus,  hybrid  larva 

of  (illus.),  277;  hybrid  pluteus 

of  (illus.),  280. 
Sphasrechinua    granylaris,     heating 

larva  of  (illus. )»  279;   lithium 

gastrula  of  (illus.),  279;  lithium 

larva  of  (illus.),  278;   normal 

lar\'a  of  (illus.),  275. 
Sphenodon,   pineal   eye  of   (illus.), 

175. 
Spider,  nc«t  of  trap  door  (illus.), 

34<5. 
Hponjjjo,  8impl(>  (illus.),  36. 
SiH)rtH,  lS<i;  oxuinplrs  of  nice  fonn(»d 

fnnn,  101;  s|Krie8  arising  from, 

107. 
Sponilation,  reproduction  by,  215. 
S<iuid  (illus.),  40. 
Stamens   of   willows,   variation    in 

(ilhw.),  \m. 
Stanfonl,  1.4>land,  103. 
Starfish,     n'^rncrat ion    of    (illus.), 

283;  walking  (illus.),  23. 
Starks,  K.  (\,  303. 
Sivnlor  cctruleiis   (illus.),   282;    re- 


acting   to   light    (illus.),    430; 

reproducing  by  fission  (illus.), 

215. 
Sticklebacks    (illus.),    209;    onto- 

gonetic  variations  in,  207. 
Sting-ray  (illus.),  333. 
Structures,    convei^gence    of,    204; 

parallelisms  in,  204. 
Struggle  for  existence,  57,  60. 
StrtUhio  camelua  (illus.),  45. 
Sunfish,  long-eared  (illus.),  17. 
Survival  of  the  fittest,  62. 
Swift,  common  (illus.),  18. 
Swordfish,  development  of  (illus.), 

239. 
S3m[ibio6iB,    373;     of    plants    and 

animals,  376. 
Syngamit8  trachecdU  (illus.),  223. 
Systema  Naturse,  14. 

Tcenia  solium  (illus.),  355. 

Tail  of  man,  hology  of,  179. 

Tailor  bird,  nest  of  (illus.),  444. 

Tapeworm  (illus.),  355. 

Tarsal  segments,  variation  in,  cock- 
roach (illus.),  149. 

Taxis,  282. 

Taylor,  Bayard,  163. 

Teeth  of  man  and  orang-utan  com- 
pared (illus.),  454. 

Telegony,  166. 

Telophase  defined,  256. 

Temperature  in  relation  to  animal 
life,  38. 

Tormitophily,  372. 

Termites,  castes  of  (illus.),  395; 
communal  life  of,  394. 

Terrifying  appearances,  418. 

ThaUsM  (illus.),  361 ;  (illus.),  362. 

Theory,  transmutation,  of  Lamarck, 
111. 

Timothy,  heads  of,  improved  by 
selection  (illus.),  91. 

Toad  (illus.),  344;  homed,  pineal 
«»ye  of  (illus.),  176;  metamor- 
phosis of  (illus.),  237. 

Tobacco  wonn  (illus.),  418. 


Torv«Jo(illus.).334. 

Tower,  W.  L.,  404. 

TozopntiMa    iibidua,    egg   cell    of 

(iUuB.).  248- 
Tofuiu,  192. 
TrembUy,  AbW,  286. 
Tnmex  columha  (illus.),  362. 
Trial  and  theory  of  beha%-ior,  430. 
Trickia  laraqinBi  (illus.),  32. 
Trichina  »pimlu  (illus.),  35fi. 
Trimen,  408. 
Trtian,     regeneration     of    eye     of 

(iUiu.).  287. 
Trvchilta   rvjua,    neet    of   eg^   of 

(illus.),  441. 
Tropism.  282;   theory  of  behatior 

by,  428. 
Trout,    ontogenetio  variaUona   in, 

208;  rainbow  (illu*.),  343. 
Twhermak.  193. 
Tunicai*  (illus,),  364. 
Turner,  L.  J.,  39. 
Turtle,  hawk  bill   (illus.).  43;  with 

two  beads  (illuH.),  146. 
Twig,  insect  (illus.),  412. 
Two  Ocean  Pass  (illua.),  317. 
Types  of  animals  (illus.),  31. 

Uexkull,  42S. 

Uticinaria,  parasite  of  seals  (illus.), 

357. 
Unity,  in  life.  12.  22. 
Urolophta  goo-ii  (illus.l.  333. 
Use  and  disuse,  effecta  of,  206. 

Variation,  131;  curves  of  (illus.). 
140;  Darwin's  laws  of,  137; 
detenniDat«,  150;  detenninate, 
apparent  e.iampleof,  152;  onto- 
genetic, in  eticldebacks,  207;  in 
parthenogenetic  animals,  155; 
Quetalet'slsw  of,  141;  inwinga 
of  honeybee  (illus.),  l.M;  (Uliw), 


156. 


Varialioi 


s,  acquired,  142;  coogeiii- 


19;  meriotic.   148; 


Variety,  in  life,  12. 

Vedalia  eardinalU  (illus.),  62,  M. 

Vegetables  originated  by  Buifaauk, 


Vertebrates,  eariiest  icmainaof.SOS; 

gill  slits  of,  179. 
Vapa  (illus.),  385;  gmnamea,  vari- 
ation in  psttem  of  (illus.),  131. 
Vttpa,  nest  of  (iUus.),  328,  386. 
Vestigial  organs,    174;   ccplanatinM 

of,  181;  vestigial  atructurn  ia 

man.  461. 
Vitalism.  276;  vermis   mDchsaiaB, 

246. 
VUvodna,  reproduction  in,  217. 
Von  KoUiker,  111,  114,  156. 
VortieeUa  nebidilrra  ^  eonjugation  at 

(illus.),  221. 
Vulprs    penn/ylvanieus     argenUttia 

(illua.),  21. 

Wagner,  M.,  lOS,  117. 

Wallace,  A.  R..  76,  108,   197.  311. 

319.  402. 
Walnuts.   Burbank's  work   (illua.t, 

96;  (illus.),  97. 
Warblera,  yellow,  distribution  and 

clas^ficalicm  of,  120. 
Wasmann,  E.,  394. 
Wasp,  social  (illus.),  3&^;  varialioa 

in  pattern  of  (illus.).  134. 
Wasps,  communal  life  of,  385;  social 

nest  of  (illua.),  32S. 
Water  bug,  giant  (illus.),  340. 
Weismann,   A..  68.    1£4,    lff7.   I9R. 

423, 425;  tbeoiy  of  protoplaHWC 

BtructuTc,  251. 
WMley,  J„  452. 
Wheeler,  W.  .M,,  424. 
Wheeler,  W.  W.,  394. 
Whitford.  C-  B,,  168. 
Whooping  crane  (illua.),  20. 
Wiedersheim,  175,  401. 
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Wiesner,  theory  of  protoplasmic 
structure,  250. 

Willows,  variation  in  stamens  of 
(Ulus.),  160. 

Wilson,  E.  B.,  125,  126,  279. 

Wing  hooks  of  honeybee  (illus.)y 
155. 

Wings  of  a  drone  honeybee,  show- 
ing variation  (illus.),  155;  (il- 
lus.),  156;  of  animals,  analogies 
in,  173;  variation  in  pattern  of, 
in  Peronea  crt«tona,  148. 

WirUhemia  4'pu8tulaia  (illus. )»  348. 

Woodpecker,  California,  acorns  de- 


posited in  tree  by  (illus.),  432; 

(iUus.),  434. 
Worms,  parasitic,  354. 
Wyman,  J.,  461. 

Xerophyllum  simile  (illus.),  409. 

YouaU,  80. 

Zebra,  hybrid  of,  with  horse,  183. 

Zirphaa  criapaia  (illus. )»  39. 

Zodgeography,  309. 

Zoya,  279. 

Zur  Strassen,  O.,  279. 
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New  Edition  op  Professor  HuxLErs  Essays. 

Collected  Essays. 

By  Thomas  H.  Huxley.  New  complete 
edition,  with  revisions,  the  Essays  being 
grouped  according  to  general  subject.  In 
nine  volumes,  a  new  Introduction  accom- 
panying each  volume.  1 2mo.  Cloth,  $1.25 
per  volume. 

Vol. 

I.  Methods  and  Results. 
II.  Darwiniana. 

III.  Science  and  Education. 

IV.  Science  and  Hebrew  Tradition. 
V.  Science  and  Christian  Tradition. 

VI.  Hume. 

VII.  Man's  Place  in  Nature. 
VIII.  Discourses,  Biological  and  Geological. 
IX.  Evolution  and  Ethics,  and  Other  Essays. 


f€ 


Mr.  Huxley  has  covered  a  vast  variety  of  topics  during 
the  last  quarter  of  a  century.  It  gives  one  an  agreeable  surprise 
to  look  over  the  tables  of  contents  and  note  the  immense  territory 
which  he  has  explored.  To  read  these  books  carefully  and 
itudiously  is  to  become  thoroughly  acquainted  with  the  most 
advanced   thought  on  a  large  number  of  topics." — New  2Vi 


D.     APPLETON     ANO     COMPANY,     NEW     YORK 


HERBERT  SPENCER'S   WORKS. 


1 


Essays :  Scientific,  Political,  and  SpeculatiTe. 

A  New  Edition,  uniform  with  Mr.  Spencer's  other 
Works,  including  Seven  New  Essays.  Three  volumes, 
iimo.  1,460  pages,  with  full  Subject  Index  of  34  pages. 
Cloth,  $6.00. 

These  essays  are  devoted  to  the  entire  range  of  subjecli  covered  in 
Mr.  Spencer's   numerous  workE,  and  embrace  the  social  and  political 
i,  educittoTi.  and  many  other  pertinent  topics  of  general  islerest. 

Descriptive  Sociology. 

A  Cyclopaedia  of  Social  Facts.  Representing  the  Cos- 
stitution  of  Every  Type  and  Grade  of  Human  Society,  Past 
and  Present,  Stationary  and  Progressive,  Eight  numbers, 
royal  folio. 

No.    r.  ENGLISH    9400 

n.  MEXICANS.    CENTRAL    AMERICANS,    CHIB> 

CHAS,  AKD  PERUVIANS 400 

III.  LOWEST     RACES,     NEGRITO     RACES,     anp 

MALAVO.POLVNESIAN    RACES 

IV.   AFRICAN   RACES 

V    ASIATIC  RACES 

VL  AMERICAN  RACES 

VIL  HEBREWS  and  PHCENICIANS 

VIIL  FRENCH  pouble  Number) 

The  loductioQ  of  Ethics. 

The  Ethics  of  Individual  Life,  Farts  II  and  III  of  The 
Principles  of  Ethics.     One  volume.     lamo,    Qoth,  $1.25. 

Philosophy  of  Style. 

lamo.     Flexible  cloth,  50  cents. 

P.    APPLETON    AND    COMPANY,    NEW    YORK 


BCX>KS  BY  CHARLES  DARWIN,  LL.D.,  RR.S. 


Origin  of  Species  by  Means  of  Natural  Selection ;  or,  The 
Preservation  of  Favored  Races  in  the  Struggle  for  Life.  From 
sixth  and  last  London  edition.    2  vols.     i2mo.    Cloth,  $4  oo. 

Descent  of  Man,  and  Selection  in  Relation  to  Sez.  Many 
Illustrations.    A  new  edition.     i2mo.    Cloth,  $3.oa 

A  Naturalist's  VoTage  around  the  World.  Journal  of  Researches 
into  the  Natural  History  and  Geology  of  Countries  visited  during 
the  Voyage  of  H.  M.  S.  "  Beagle.'*  Maps  and  100  Views,  chiefly 
from  sketches,  by  R.  T.  Psitchett.  Svo.  Cloth.  $5.oa  Also 
popular  edit^n.     i2mo.    Cloth,  $2.00. 

The  Structure  and  Distribution  of  Coral  Reefs.  Based  on 
Observations  made  during  the  Vovage  of  the  "  Beagle."  Charts 
and  lllustradons.     i2mo.     Cloth,  f2.oa 

Geological  Obsenrations  on  the  Volcanic  Islands  and  Parts  of 
South  America  visited  during  the  Voyage  of  the  "  Beagle."  Maps 
and  Illustrations.     i2mo.    Cloth,  $2. 5a 

Emotional  Expressions  of  Man  and   the   Lower  Animals. 

i2mo.    Cloth,  t3-50- 

The  Variations  of  Animals  and  Plants  under  Domestication. 
Preface  by  Prof.  Asa  Gray.    2  vols.    Illustrations.    Cloth,  $5.oa 

InsectiyorottS  Plants.    i2mo.    Cloth,  $2.oa 

Moyements  and  Habits  of  Climbing  Plants.  Illustrations. 
i2mo.    Cloth,  $1.25. 

The  Various  Contriyances  by  which  Orchids  are  Fertilised 
by  Insects.    Revised  edition.    Illustrations.   i2mo.   Cloth,  $1.75. 

The  Effects  of  Cross  and  Self  Fertilization  in  the  Vegetable 
Kingdom.     i2mo.    Cloth.  t2.oa 

Different  Forms  of  Flowers  on  Plants  of  the  same  Species. 

Illustrations.     i2mo.     Cloth,  11.5a 

The  Power  of  Movement  in  Plants.  Assisted  by  Francis 
Darwin,    liiustrations.     i2mo.    Clotn,  $2.00. 

The  Formation  of  Vegetable  Mould  through  the  Action  of 
Worms,  with  Observations  on  their  Habits.  Illustrations. 
i2mo.     Cloth,  f  1.50. 

D.    APPLETON    AND     COMPANY,     NEW    YORK. 


SPENCER'S  SYNTHETIC  PHILOSOPHY. 

12mo,  clothf  $2.00  per  volume 
NEW  EDITION  OP 

First  Principles. 

By  Herbert  Spencer.      New  aai  revised  (siiih)  edition  of  dn 
first  volume  of  the  author's  Synthetic  Philosophy. 

Thi;  fundamental  and  most  importunl  woik  has  been  chsnged  in 
subilance  and  in  forni  to  a  coniideiable  eiicnt,  wid  largely  rewritten 
and  wholly  reset.  It  is  now  fony  years  since  (he  antiior  bcKBii  the 
"  First  Pnnciples,"  and  its  presentation  in  ihis  detiaitive  fatm,  with 
the  author's  last  re»isions,  is  aa  event  of  peculiar  interest  and  conse- 
ijaence.  While  experience  his  not  caused  him  to  recede  from  ihe  gen- 
era] principles  set  forth,  he  has  made  some  imponani  change*  in  Ihc  mb- 
ttance  and  lonn.  His  amendments  of  matter  and  manner  ate  no*  linaL 
The  contents  of  the  several  volumes  of  the  series  are  u  follows: 
t,  Firat  Principle*.  I.  The  Unknowable.  II.  The  Knowkble. 
3.  The  Principles  of  BioloKT-  Vol.  i.  I.  The  Data  of  Bioloey. 
II.  The  Inductions  of  Bjoloyy.     III.  The  Evoluuon  of  Life, 

3.  The  Principles  of  Blologr.     V<d.  a.   IV.  Homholi^atl  Devel- 

opment.    V.  Physiological    Development.    Vi.  Laws  of  Mul- 
tiplication. 

4.  The    Principles    of   Psjctaology.      Vol.  i.      1.  The   DaU   of 

Psychology.    II.   The  ludnctioDi  of  Psycholc^.    III.  General 
Synthesis.     IV.  Special  Synlhcsis.     V.  Phyiical  Syntbesu. 

5.  The  Principles  of  Psychology.     Vol.  1.    VI.  Special  Analyiii. 

VII.  General  Analysis.     VIll.  Congniities.     IX.  Corollanes. 
&  The  Principles  of  SocioloKj.     VoL  i.     I.  The  Data  of  Soci- 
ology.    II.  The  IndncEions  of  Sociology.     III.  Ihe  Domestic 
Relations. 


I 


T 


Political  Institutions. 


S.  The  Principles  of  Sociolt^r.  Vol.  3.  VI.  EcdesiaMicaJ  In- 
stitutions. VII.  Professional  Institutions.  VIII.  Indosirial 
Institutions. 

9.  Tlie  Principles  of  Ethics.  Vol.  1.  I.  The  Data  of  Ethics. 
II.  The  Inductions  of  Ethics.  III.  The  Ethics  of  Individaal 
Life, 
to.  The  Principles  of  Ethics.  Vol.  a.  IV.  The  Ethics  of  Social 
Ufe :  Justice.  V  The  Ethics  of  Social  Life :  NegsHve  Benefi- 
cence.   VI.  The  Ethics  of  Social  Life ;  Positive  Beneficence. 

D.    APPLF.TON    AND    COIfPANY,    NEW    YORK. 


WORKS   OF  THOMAS  R  HUXLEY. 

Physiography. 

An  Introduction  to  the  Study  of  Nature.     With  Illus- 
trations and  Colored  Plates.     i2mo.     Cloth,  $3.50. 

Essa]rs  upon  Some  Controyerted  Questions. 

i2mo.     Cloth,  $2.00. 

In  this  volume  Professor  Huxley  has  brought  together  a  number  of  his 
more  important  recent  essajrs,  and  has  added  certain  new  matter.  Among  the 
topi'^s  aiscussed  are  **  Mr.  Gladstone  and  Genesis,"  *'The  Evolution  of 
Theology,"  ** Science  and  Pseudo-Science,"  "Agnosticism,"  and  **The  Rise 
and  Progress  of  Paleontology." 

The  Crayfish.    An  Introduction  to  the  Study  of 
Zoology. 

With  82  Illustrations.     i2mo.     Cloth,  $1.75. 

The  object  of  Professor  Huzley*s  new  book  is  to  afford  an  opportunity  to 
students  to  commence  the  study  of  zoology  by  means  of  a  careful  verification 
of  nearly  all  that  is  known  concerning  a  single  animal,  the  common  crayfish. 
l*he  book  is  properly  termed  an  **  Introduction  to  Zoology." 

On  the  Origin  of  Species ;  or,  The  Causes  of  the 
Phenomena  of  Organic  Nature. 

i2mo.     Cloth,  $1.00. 

American    Addresses;    with   a   Lecture    on    the 
Study  of  Biology. 

1 2 mo.     Cloth,  $1.25. 

A  Manual  of  the  Anatomy  of  Vertebrated  Animals. 

Illustrated.     i2rno.     Cloth,  $2.50. 

A    Manual    of   the    Anatomy    of   Invertebrated 
Animals. 

Illustrated.     i2mo.     Cloth,  $2.50. 

**  My  object  in  writing  the  book  has  been  to  make  it  useful  to  thoac  who 
wish  to  become  acquainted  with  the  broad  outlines  of  what  is  known  of  the 
morphology  of  the  Invertebrata.^^^rke  Author, 

Lay  Sermons. 

i2nio.     Cloth,  $1.75. 

D.     APPLETON     AND     COMPANY,     NEW     YORK. 
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The  Races  of  Europe. 

A  Sociological  Study.  By  William  Z,  Ripley,  Ph.  D., 
Assistant  Professor  of  Sociology,  Massachuscils  Institute 
of  Technology  ;  Lecturer  in  Anthropology  at  Columbia 
University,  ia  the  City  of  New  York.  Crown  8vo,  Cloih  ; 
650  pages,  with  85  Maps  and  235  Portrait  Types.  Wiih  a 
Supplementary  Bibliography  of  nearly  3,000  Titles,  sei>a- 
rately  bound  in  Cloth,  issued  by  the  Boston  Public  Library. 
i;8  pages.     Price,  (6. 00. 

"One  of  the  most  impotlanl  worlti  of  the  year."— AVro  Var*  Af^ 
d  Expms. 

"  An  impoitint  work  in  the  domain  of  anthropologj  and  a  book  of 
tapreme  inlerat  at  the  present  moment." — CUtago  Tima-HertUJ. 

"  Nol  only  a  profound  Eodological  sindy  bat  a  scbolariy  contri- 
bulton  to  the  science  of  anthrapology  and  ethnolc^  by  an  emlDent 
authority." — PkilaJelfkia  Pms. 

"Will  win  the  approval  of  aU  thooghtfnt  readen ;  and  the  care. 
patience,  skill,  and  knowledge  with  which  it  ii  planned,  and  Ae  tiigUy 
tatisfactory  manner  in  which  the  plan  is  carried  oat,  call  for  the  very 
highest  praiie." — Btitim  Saturdaj'  Evening  Gateilt, 

"One  of  ibe  most  fascinating  sociol<^ical  and  anthnqiolaeical 
ilsdies  that  have  been  offered  of  late  to  the  pablic.  .  .  .  The  book  is 
one  to  be  studied  with  care,  and  it  is  a  pleasure  to  commend  it  u  most 
helpful  to  sociological  students." — Ciieagv  Evrm'nf  Pffit. 

"A  valuable  and  interesting  book.  .  .  .  Will  attract  the  attention 
of  all  students  of  anthropology  and  all  its  kindred  mbjeds  While  it 
will  most  deeply  interest  advanced  scholarly  readers,  it  at  the  Mme 
time  abounds  in  value  for  those  not  among  the  learned  dastes." — 
CAicagB  Inter -Ociatt. 

D.    APPLETON    AND    COUPANV,    NEW    YORK. 
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^Destined  to  take  rank  as  one  of  the  two  or  three 
moct  remarkabk  self-portrayals  of  a  homan  life  cwtt 
conm^tted  to  posterity*^ 

— Frdnklin  H.  Gtddings,  LL.D.,  in  the  hdtpendttii* 


Aa  Autobiography  by  Herbert  Spencen 

With  Illustrations.  Many  of  them  from  the 
Author's  Own  Drawings.  Cfoth,  8vo.  Gilt  Top. 
Two  vols,  in  a  box,  $5.50  net.  Postage,  40  cents 
additional. 

"It  is  rare,  indeed*  that  a  man  who  hat  so  profoundly  Inflaenoed  the 
Intellectual  development  of  his  age  and  generation  has  found  time  to 
record  the  history  of  his  own  life.  And  this  Mr.  Spencer  has  done  so 
simply,  so  frankly,  and  with  such  obrious  truth,  that  it  is  not  surprising 
that  Huxley  is  reported  as  having;  said,  after  reading  it  in  manuscriptt 
that  it  reminded  him  of  the  '  Coniessions '  of  Rousseau,  freed  from  erery 
objectionable  Umt.**— AVv  York  Globe, 

**  As  interesting  as  fiction  ?  There  never  was  a  novel  so  interesting 
at  Herbert  Spencer  s  'An  Autobiography'."— AV«r  York  Herald, 

**  It  is  rich  In  suggestion  and  observation,  of  wide  significance  and 
appeal  in  the  sincerity,  the  frankness,  the  lovableness  of  its  numan  note.** 

— AVw  York  Mail  amd  Express, 

**  The  book,  at  a  whole,  makes  Spencer's  personality  a  reality  for 
us,  where  heretofore  it  has  been  vaguer  than  his  philosophical  abstrao- 
tions.''-^^>l«i  IVkite  Ckadwick  in  Current  Literature, 

**  In  all  the  literature  of  its  class  there  is  nothing  like  it  It  bears 
the  same  relationship  to  autobiographical  productions  as  Boswell's  '  Life 
of  Johnson '  bears  to  biographies." — Philadi^kia  Press, 

"  This  book  will  always  be  of  importance,  for  Herbert  Spencer  was 
a  great  and  original  thinker,  and  his  system  iH  philosophy  has  bent  the 
thought  of  a  generation,  and  will  keep  a  position  ot  commanding  interest" 

^Joseph  Cf  Connor  in  tke  New  York  Times 

*'  Planned  and  wrought  for  the  purpose  of  tracing  the  events  of  his 
life  and  the  growth  of  his  opinions,  his  autobiography  does  more  than 
that.  It  furnished  us,  hklf  unconsciously,  no  doubt,  a  more  vj^id  por- 
traiture of  his  ]>eculiarities  than  any  outsider  could  possibly  provide. 
We  pity  his  official  biographerl  IJttle  can  be  left  for  him.  Here  we 
have  Spencer  in  habit  as  he  was." — AVnr  York  tvening  PotU 
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The  Autobiography  of  Joseph  Le  Conte. 

With  portrait.     i2mo.     Cloth,  $1.25  net 

Professor  Le  Conte  was  widely  known  as  a 
man  of  science,  and  notably  as  a  geologist.  His 
later  years  were  spent  at  the  University  of  Cali- 
fornia. But  his  early  life  was  passed  in  the  South  ; 
there  he  was  born  and  spent  his  youth ;  there  he 
was  living  when  the  civil  war  brought  ruin  to 
his  home  and  his  inherited  estate.  His  reminis- ' 
cences  deal  with  phases  of  life  in  the  South  that 
have  unfailing  interest  to  all  students  of  American 
history.  His  account  of  the  war  as  he  saw  it  has 
permanent  value.  He  was  in  Georgia  when 
Sherman  marched  across  it.  Professor  Le  Conte 
knew  Agassiz,  and  writes  charmingly  of  bis 
associations  with  him. 

"Attractive  becsuse  of  i 
Ckitagt  Clavtaelf. 

"AllnctiTe  by  virtue  of 

"Well  worth  reading  even  if  (he  teaderbe  not  particulmriy  interested 
in  geology." — Ntw  Yerk  Amirican. 

"  This  slor;  of  ■  beautirni,  ualiring  life  b  worthy  of  coDiideratioa  by 
•very  lover  of  truth."— 5f.  Paul  DtsfaUk. 
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Is  fnuik  ilmpliciiy."— AVto  York  Evemng 
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